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Abstract 
ESSAY WRITING IN COLLEGE MATHEMATICS AND ITS EFFECT ON 
ACHIEVEMENT 
Gerald L. Burton, Ph.D. 
Virginia Commonwealth University, 1986 
Major Director: Dr. J. Van de Walle 
This experiment was designed to determine the effect essay 
writing has on learning introductory level college 
mathematics, learning mathematical skills, problem-solving 
and mathematical applications, and the retention of new 
knowledge in mathematics. The independent variable was the 
writing of essays. Essay writing included responding to 
questions assigned as homework and addressing mathematical 
situations presented in in-class activities. The dependent 
variables were overall achievement, skills, applications, 
and retention in each of these areas. The sample consisted 
of five classes of introductory-level algebra at Virginia 
State University. The experimental group consisted of 50 
students in two classes; the control group was made up of 
49 students in three classes. Achievement was measured by 
a twenty-question, multiple-choice test. Students took a 
different form of the test three times: pretest, posttest, 
and retention test. Mathematical skill ability was 
determined by subscores based on fifteen problems from the 
tests. The remaining five questions made up a subtest 
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measuring the ability to solve mathematical application 
problems. The period of treatment was four weeks although 
the control group covered the material in three weeks. The 
essays were graded according to their completeness, 
accuracy, and clarity. Based on total scores the 
experimental group was divided into three subgroups- good 
writers, average writers, and poor writers. Analysis of 
covariance was used to test the null hypotheses. Results 
of this study indicated that essay writing in college 
mathematics classes did not improve mathematics achievement 
but suggested a highly positive effect on retention. 
Students identified as good writers received the greatest 
benefit as a result of writing essays. Good writers showed 
higher achievement than either poor writers or students who 
did not write essays at all. The researcher notes that 
creating, explaining, practicing, and grading the essay 
assignments are very time-consuming activities. Even so, 
the treatment is recommended for mathematics teachers 
because of the possible effect on retention and the 
increased interest level of the students. 
Chapter 1 
Introduction 
In an attempt to develop new learning strategies and 
to determine the effectiveness of these new strategies, 
this research examined the practicality and teaching value 
of assigning essay writing activities in an introductory 
level college mathematics course. A number of theorists 
(Applebee, 1985; Emig, 1977; Kennedy, 1985; Martin, 1976; 
King, 1984; Paik, 1983; Norris, 1983) have suggested that 
essay writing in content area curricula would enhance 
learning. Researchers (Weiss & Walters, 1980; Paik, 1983; 
Newell, 1984; Tierney, 1981) have even attempted to examine 
this issue in such areas as psychology, statistics, 
biology, and general science. The current study was 
intended to test this general approach specifically in 
college mathematics. 
Purpose of the Study 
The purpose of this study was to determine whether or 
not essay writing activities by college mathematics 
students would enhance both their learning and retention of 
algorithmic skills and problem-solving ability in real­
world application problems. The writing activities used in 
this research were in the form of essay questions and 
situations assigned to the students as classwork, as well 
as an addition to their daily homework. These essay 
questions fell into two categories: descriptive questions 
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and explanatory or interpretative questions. Each essay 
homework assignment consisted of two descriptive questions 
of which students were required to answer one. Similarly, 
each assignment consisted of two explanatory questions of 
which students were required to answer one. The 
mathematics course used in the study was an intermediate 
algebra course composed primarily of students with poor 
mathematical backgrounds. Ninety-nine students were used 
as research subjects. 
Rationale for the Study 
This research followed the primary conditions, 
processes, and outcomes derived from the psychological 
learning model of Robert Gagne'. The basic premise of the 
current research was that when a person writes, he uses 
information obtained from previous personal experiences and 
integrates that information with new knowledge, thus 
forming a broader associative network, improving problem­
solving ability, and enhancing the long term memory. A 
similar rationale is found in Emig (1977), Carroll (1967), 
and Martin, D'Arcy, Newton, & Parker (1976). These are 
discussed in the review of research. 
The overall concept of the current study and support 
for the basic premise are found in the learning theory of 
Gagne' (1978, 1985). Gagne' states that information is 
often learned by means of verbal communication. The 
information is then incorporated into a more comprehensive 
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meaningful complex that is already present in the learner's 
memory. As a result, the individual is able to state what 
he has learned; that is, he or she can say, or write, or 
otherwise represent the information learned in a sentence. 
According to Gagne', the learner has acquired a 
defined concept when he can demonstrate or show how to use 
the definition. In doing so, he is classifying instances 
of the concept. Note that it is not necessary for the 
learner to state the definition in order to demonstrate 
that he knows the concept. It is often convenient, 
however, for the learner to demonstrate his learning of a 
defined concept by using words to refer to its components. 
If the individual has learned a concept, he can then 
demonstrate its applicability to one or more particular 
instances of the class of phenomena to which it refers. In 
the current study, this applicability of which Gagne' 
speaks is presented in terms of the student's ability to 
solve application problems (Gagne', 1978). 
From among a number of modern information processing 
theories (Bruner, 1966 & Glaser, 1982), Gagne's model was 
used as the background for the current study because of its 
direct application to verbal communication in general and 
written communication in particular. 
Gagne's basic model of learning and memory consists of 
a multi-stage cycle. Stimulation from the learner's 
environment affects his receptors (eyes, ears, fingers, 
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etc.) and enters the nervous system via a sensory register 
(the structure responsible for the initial perception of 
objects and events derived through the senses). The 
information is coded in the sensory register; that is, it 
has the form of a patterned representation of the original 
stimulation. Entering the short-term memory, the 
information is again coded, this time into a conceptual 
form. If internal rehearsal takes place, information is 
transformed into long-term memory. When information is to 
be retrieved, it may first be reentered into short-term 
memory. Form either short-term or long-term memory, 
information is passed to a response-generator which has the 
function of transforming the information into action. The 
neural message from this structure activates the effectors 
(the structure through which patterns of activity can be 
externally observed) which produces the capability to 
perform. This performance, in turn, affects the learner's 
environment. This effect stimulates an expanded 
environment so that the cycle may begin again (Gagne', 
1978). 
4 
E 
N 
v 
I 
R 
0 
N 
M 
E 
N 
T 
� 
� 
Response 
Effectors 
� 
Generator I 
Sensory Short-term Long-term 
Receptors � Register - Memory � Memory � 
LEARNING MODEL OF ROBERT GAGNE' 
As an example of the cycle consider a child who has in 
his previous learning base the concept of number and basic 
operations (addition, subtraction, multiplication, and 
division). Through the child's eyes (receptors) he 
visually observes a rectangle. Next the child perceives 
the features of the rectangle, which include such things as 
opposite sides equal and parallel or four right angles 
(through the sensory register). It is at this stage that 
short-term storage and rehearsal takes place. Once this 
has taken place for several rectangles, concept formation 
has occurred. This information which has been conceptually 
coded may be transferred into long-term memory for use in 
coding future concepts. Information is then moved into the 
response generator, which allows the child to transform 
knowledge about rectangles into some action regarding 
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rectangles. The response generator activates the muscles, 
causing them to draw a rectangle, identify a rectangle from 
among other shapes, etc. When the cycle begins again, the 
child's environment has been expanded and he or she is 
ready for a new concept such as length and width. 
Following the pattern for several more cycles, the child is 
now ready to learn the concepts of measurement, perimeter, 
and area. 
To understand how Gagne's model has dictated the 
design of the current research consider the following 
examples in mathematics: 
Example 1: Descriptive Essays 
Assume the· student's environment includes knowledge of 
points, slopes, equations of straight lines, and the 
ability to construct the graph of a linear equation. After 
one pass through Gagne's cycle, the student will have 
constructed such as graph. This will add to his 
environment for future use. If the student is asked in the 
form of a writing assignment to describe the procedure for 
graphing a straight line, first he draws upon his senses to 
visualize the end result. In writing, the information is 
coded into a framework or pattern that increases the 
likelihood of being retained in the long term memory. The 
student must also build upon the concepts which he has 
previously obtained, such as definitions and examples. It 
is hypothesized that the student, due to the writing tasks, 
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will ultimately retain more of the concepts studied and be 
able to use those concepts directly in graphing any 
straight line. Because of this descriptive writing, the 
student should also be able to make distinctions between 
such things as lines with positive slopes as opposed to 
lines with negative slopes. The purpose of writing 
descriptive essays, therefore, is to enhance previously 
presented concepts. 
Example 2: Explanatory Essays 
Unlike descriptive essays, the purpose of explanatory 
essays is to help develop the student's problem-solving 
ability, that is, application of concepts to real 
situations. Consider, for example, a student with the same 
environmental background as in the preceding example. 
Writing an explanation for the solution of a problem should 
allow the student to use specific information (such as 
knowing how to graph a particular straight line) and 
transform that knowledge to general cases (such as finding 
the slopes of lines parallel or perpendicular to the given 
line). Writing explanations will also prepare the student 
to organize general information (such as knowing how to 
graph linear equations) into specifically applicable 
classifications (such as the point of intersection of a 
cost function and a revenue function). 
Bedford (1984) says that thinking at the formal level 
is characterized by six broad categories: orderliness, 
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clarity, logic, abstraction, imagination, and the use of 
symbolism. 
"Orderly thinking" involves the organization and 
classification of information, the use of tables, and the 
capacity to work through a sequential process without 
leaping out of order. "Clear thinking" is the capacity to 
sort through a problem, to define the question carefully, 
and to distinguish what is known from what is unknown. 
Clear thinkers understand an overall problem-solving 
strategy and can keep it in mind while they work for 
accuracy on a small part of the problem. "Logical 
thinking" is the use of valid forms of deductive reasoning. 
"Abstract thinking" is the process of discerning a general 
pattern out of several examples; that is, combining objects 
and ideas into a single concept by abstracting the common 
properties. This, in fact, is a common definition of 
'concept' (Sowder, 1980). "Imagination" involves the use 
of divergent thought patterns - probably the thinking skill 
most neglected by schools. Conventional schooling usually 
focuses more on convergent patterns, moving toward an 
answer, rather than on divergent patterns, which move from 
answers to questions. Finally, "symbolic thinking" 
involves the understanding of mathematical notation, the 
ability to retain a large concept in mind while 
manipulating small letters. Sketches, diagrams, and graphs 
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are devices that help engage the right hemisphere of the 
brain in the learning process (Bedford, 1984). 
Mathematical thinking, problem-solving, and writing 
all involve the process variables discussed by Bedford. 
Clear arguments for this involvement can be found in the 
research of Burton (1984) for mathematical thinking; 
Kantowski (1977) for problem-solving; and Emig (1977) and 
Flower (1981) for writing. Johnson (1983) contends writing 
can help mathematics students in many different ways. 
Students who are required to write must do considerable 
thinking and organizing of their thoughts before they 
write, thus crystallizing in their minds the concepts 
studied. 
Hypotheses 
Gagne's model suggests that concepts will be learned 
more thoroughly and retained longer when verbalization has 
taken place. In support of the premise of the current 
study, Bedford (1984) and Johnson (1983) state that writing 
improves formal thinking and mathematical problem-solving. 
The study utilized two groups of subjects: an 
experimental group and a control group. Within the 
experimental group, subjects were separated into three 
subgroups at the end of the treatment period based on an 
evaluation of their writing: good writers, average writers, 
and poor writers. The following instruments were used: 
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1. Pretest 
a) Total achievement ( 20 items) 
b) Skills subtest from the total pretest (15 items) 
c) Applications subtest from the total pretest (15 
items) 
2. Posttest 
a) Total achievement ( 20 items) 
b) Skills subtest from the total posttest (15 items) 
c) Applications subtest from the total posttest (5 
items) 
3. Retention test 
a) Total Achievement ( 20 items) 
b) Skills subtest from the total retention test (15 
items) 
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c) Applications subtest from the total retention test (5 
items) 
The following null hypotheses were tested: 
H1: There is no significant difference between the 
experimental group and the control group on the 
following criteria: 
a) Mean scores on the total posttest 
b) Mean scores on the posttest skills subtest 
c) Mean scores on the posttest applications subtest 
H 2: There is no significant difference between the 
experimental group and the control group on the 
following criteria: 
H3: 
H4: 
HS: 
H6: 
11 
a) Mean scores on the total retention test 
b) Mean scores on the retention test skills subtest 
c) Mean scores on the retention test applications 
subtest 
There is no significant difference between the good 
writers and the poor writers on the following criteria: 
a) Mean scores on the total post test 
b) Mean scores on the post test skills subtest 
c) Mean scores on the posttest applications subtest 
There is no significant difference between the good 
writers and the poor writers on the following criteria: 
a) Mean scores on the total retention test 
b) Mean scores on the retention test skills subtest 
c) Mean scores on the retention test applications 
subtest 
There is no significant difference between the good 
writers and the control group on the following 
criteria: 
a) Mean scores on the total posttest 
b) Mean scores on the post test skills subtest 
c) Mean scores on the post test applications subtest 
There is no significant difference between the good 
writers and the control group on the following 
criteria: 
a) Mean scores on the total retention test 
b) Mean scores on the retention test skills subtest 
c) Mean scores on the retention test applications 
subtest 
Significance of the Problem 
12 
Many students are ill-prepared for college mathematics 
(Matthews, 1984; Burton, 1984), and there appears to be a 
need for the development of differing instructional models 
and instructional techniques in an attempt to assist these 
poorer students (Joyce & Weil, 1980). Students placed by 
testing in remedial mathematics classes and basic college 
mathematics classes have continually exhibited below-level 
performance on such standardized examinations as the 
Scholastic Aptitude Test (SAT) and the Graduate Record 
Examination (GRE) (Buglelski, 1971 & Nathenson and 
Henderson 1980). The current research involved students 
who were identified as poor mathematical performers and 
have been placed in a basic college mathematics course 
according to placement test results and Scholastic Aptitude 
Test scores. 
Applebee (1984) states that studies of the nature of 
instruction make it clear that school writing tasks are, on 
the whole, unrewarding and extremely limited. School 
writing, in this context, is much more general than the 
type of writing involved in the current study. That is, 
Applebee refers not only to narration, interpretation, and 
evaluation in writing assignments; but he includes creative 
writing, poetry, and historical and social science 
13 
accounting as well. Although simply increasing the amount 
of writing that students are expected to do would seem 
worthwhile with regard to the enhancement of reasoning 
abilities, it is unclear that this would necessarily lead 
to a major change in the types of knowledge- and the levels 
of reasoning- that are important. Applebee believes that 
the problem of assigning adequate writing activities is 
extremely significant for improving reasoning and problem­
solving skills. He proposes, furthermore, that studies are 
needed that begin to explore the interactions between 
writing activities and the goals and constraints in 
individual classrooms. 
The 1981 report from the first National Assessment of 
Educational Progress (NAEP, 1981) titled "Reading, 
Thinking, and Writing" reported that American schools are 
doing a reasonable job of teaching lower level skills. 
Results from tasks requiring more complex reasoning skills 
are much less encouraging, however. Test results indicated 
that performance on multiple choice questions was 
reasonable, but when students were asked to write about 
what they knew- to reason- performance levels suffered. In 
the current study, reasoning was assessed by each student's 
ability to determine correct solutions to mathematical word 
problems when the student must analyze the problem and 
create a method of solution based on previously discussed 
material. 
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According to Johnson (1983), teachers of mathematics 
need to recognize that writing can be a valuable learning 
and evaluative tool. More specifically, if students can 
write clearly about mathematical concepts, then they 
understand them. Further, good writing is a part of the 
problem-solving process. Johnson believes that research 
should be conducted to assess the possibility of using and 
refining writing skills in a mathematical context. Similar 
studies have been conducted but generally in content areas 
other than mathematics. One set of studies of writing in 
the content area examined college reading, statistics, 
educational psychology, and physical science (Weiss & 
Walters, 1980). The results from this study indicated that 
learning seemed to increase with the amount of time spent 
writing and talking about writing. Another similar study 
was conducted in biology by Tierney (1981). These research 
studies both concluded that writing enhanced student 
performance and concept attainment. However, a careful 
review of pertinent literature on the effectiveness of 
writing tasks in content areas has turned up virtually no 
studies in a mathematical setting on the effect that 
writing may have on achievement or retention or on problem­
solving ability in the area of mathematics. 
Newell (1984) conducted a case study research project 
examining the relationship between writing and learning. 
His conclusion was that essay writing enabled students to 
produce a consistently more abstract set of associations 
for key concepts than notetaking or answering study 
questions. Newell suggests that reliable tests must be 
used in future research and that a study of retention 
should be included. Along with this, he proposes that 
results would be more interpretable if the amount of 
verbalization was controlled. That is, the amount of 
writing should have a maximum and minimum limit. 
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The current study took all of Newell's recommendations 
into account. That is, the testing instruments used were 
pre-tested to assure a high degree of reliability. In 
addition, retention was examined and the amount of 
verbalization was controlled in that each essay students 
wrote was limited to one or two paragraphs. 
On a theoretical level, Janet Emig (1977) states that 
writing serves learning in process and product because 
writing possesses a cluster of attributes that correspond 
uniquely to certain powerful learning strategies. As Emig 
points out, writing and successful learning strategies have 
a number of common attributes. For example, both are self­
rhythmed. That is, students learn best at their own pace, 
and writing provides such pacing. Another example is that 
both provide immediate and long-term feedback. Most 
importantly for this study, both provide explicit 
conceptual connections. These correspondences indicate 
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that writing in the content area - in this case mathematics 
- should enhance learning. 
Definitions of Terms 
In order to provide for an optimal level of clarity 
and communication in this study, the following meanings 
have been assigned to certain pertinent words and terms: 
Application Problem-solving. For the purpose of the 
present research, problem-solving is solving word problems 
or application problems related to the mathematical topics 
presented in class and in the writing assignm�nts. 
Problem-solving is the set of actions taken to perform 
a task for which there is no readily accessible algorithm 
that determines completely the method of solution. ·Lester 
(1980) defines a "problem" as a situation in which an 
individual or group is called upon to perform such a task. 
The fact that problem-solving has been the object of so 
much research, a focal point for several curriculum­
development efforts, and the subject of innumerable books, 
articles, and conference reports attests to its importance 
in the study of mathematics. Glaser (1982) contends that 
problem-solving success is a function of three factors: 
1. competency in task-specific skills 
2. facility with strategies related to problem 
detection, feature scanning, and goal analysis, and 
3. the features of task environment. 
In an attempt to develop a reliable instrument, 
problem-solving results were concerned only with measuring 
outcomes and did not attempt to identify the processes 
other than on a theoretical basis according to the review 
of the literature and related research. 
Achievement. Achievement is the amount of learned 
material at a given time (Harsher, 1982). 
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For the purpose of this investigation, achievement was 
measured by means of multiple-choice mathematics tests on 
the Pythagorean Theorem, relations, functions, and graphs 
of linear equations as developed by the researcher in 
conjunction with the Department of Mathematics of Virginia 
State University. 
Writing. Writing, for the purpose of this study, is 
the student activity of producing a collection of essays 
representing descriptive and explanatory information about 
given mathematical concepts and procedures. This does not 
include note-taking, literary expression (such as poetry), 
or outlines. More specifically, writing assignments were 
one or two paragraph essays on questions or situations 
developed from topics which have been previously discussed 
in the classroom. These assignments were made in the form 
of four in-class writing activities as well as two essays 
for each of eight class periods to be completed as homework 
in addition to the regular daily home assignment consisting 
of related mathematics problems. Therefore, there were a 
total of twenty essays or writing activities. 
Writing is defined somewhat differently by different 
researchers and practitioners. For example, Weiss and 
Walters (1980) define writing in terms of being expressive 
and personal, formal and transactional, speculative, and 
communicative. The present study was concerned only with 
the expressive or personal format in that each student was 
asked to write as though he were writing to himself. That 
is, each student would be his or her own audience. 
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Major Assumptions 
1. It was assumed that students in the experimental 
group and the control group were randomly distributed with 
regard to writing skill. 
2. It was assumed that test performance is considered 
as an acceptable criterion of mathematics achievement. 
3. It was assumed that the students used in this 
research were randomly distributed with respect to 
mathematical ability, and mathematics background. 
Limitations of the Study 
1. The study employed only traditional instructional 
strategies. This is a program of information delivery 
employing lecture, class discussion, and demonstration in 
which teachers follow a prescribed content outline 
(Harsher, 1982). 
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2. The study attempted to determine the initial state 
of the learner by a pretest on mathematical concepts but 
did not attempt to discern or evaluate the initial state of 
the learner with regard to writing abilities. 
3. During the treatment period, the control group 
covered topics beyond those required for the experimental 
group. This extra material, however, may actually have 
given the control group an advantage because the extra 
material may have provided more practice and use of skills 
and concepts learned earlier in the unit, and served as a 
review of test material which ultimately may have enhanced 
their retention. 
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Chapter 2 
Review of the Literature and Related Research 
Introduction and Literature Review Process 
The purpose of this chapter is to present an overview 
of the literature and related research about writing and 
its effects on learning. 
This chapter is divided into three major sections. 
The first of these sections is the review and analysis of 
the literature. This has been further divided into the 
following sub-sections: 
1. The Psychology of Writing 
This section will analyze the relationship between 
writing and reasoning. It will also examine the cognitive 
factors involved in writing activities. Along with this, 
research will be presented regarding writing as a learning 
process. 
2. Theory and Research in Mathematics-Related Content 
Areas 
This section reports research in the areas of 
statistics, computer science, mathematics, and other 
natural sciences with regard to their relationship to 
problem-solving and learning factors related to writing. 
The second major section is the synthesis of related 
research results. Since the two sub-sections listed above 
are neither mutually exclusive nor independent of each 
other, it is important that their relationships be 
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expressed. The purpose of this section is to examine these 
relationships. 
The purpose of the final section is to summarize what 
has been learned in the past and to present areas for 
further research. 
The Psychology of Writing 
In recent years much research has been concerned with 
the relationship between writing and reasoning. Applebee 
(1984), in a review of writing across the curriculum, 
suggests that the role of writing in thinking is usually 
attributed to some combination of four factors: a) written 
information can be rethought and revised even after an 
extended period of time, b) writing provides an opportunity 
for organizing and thinking through new ideas and 
experiences and determining relationships, c) writing 
requires explicitness so that the meaning is not altered 
from an original source to the new context, and d) writing 
is an active medium which provides for research and 
exploration of previously unexamined assumptions. He notes 
that there has not yet been developed a convincing research 
base for the argument that writing activities can make a 
significant contribution to the development of higher level 
reasoning skills. There have been few studies that have 
directly addressed this question, and the related 
literature suggests that, to the extent that writing is 
related to reasoning, the relationships will be complex 
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rather than straightforward. Progress in this research 
seems to require two changes in current paradigms. First, 
a shift must be made from a general focus on the effects of 
writing toward a more rigorous conceptualization of the 
functions that writing can serve, each of which might be 
expected to have a different relationship to the 
development of reasoning skills. 
Second, Applebee suggests that models of writing must 
be developed that more explicitly take account of topic 
knowledge and the interaction between the writing process 
and goals of the writing event. The separation of process 
and product, though perhaps a needed step in the 
development of research, seems now to be a major stumbling 
block to further progress (Applebee, 1984). 
Similarly, Nathenson and Henderson (1980) propose that 
written feedback by students on new knowledge that they 
have acquired is a major factor in both comprehension and 
success. In their case study in 1978, the Open University 
organized the Arts Foundation course in a series of blocks 
of work, each introducing a single discipline (history, 
literature, philosophy, etc.), but relating the ideas and 
methodologies with other disciplines. The group, which 
consisted of 45 students, was separated into comparison 
groups. Some were taught by use of illustrative materials 
such as glossy prints and offset lithographs. Others were 
taught with the aid of recorded materials such as music, 
poetry readings, and information on cassette tapes. Each 
group received tutorial assistance. The ultimate goal was 
to receive feedback to the question, "What is religion?" 
Students were asked to respond orally to the question 
using their new knowledge from the course. Their 
performance on the assignment was disappointing in many 
cases. Also, study times were, on the average, 
considerably longer than had been intended. 
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Students were then asked to respond to the required 
question in written form. Although students throughout the 
course expressed difficulty in understanding the language 
used in the unit, the written exercises exhibited much more 
thought than the original oral responses. 
The responses were reviewed and returned to the 
students for revision and re-submission. The final 
responses showed a great deal more clear thinking and 
organization as well as comprehension. 
In addition to findings related to clear thinking, 
organization, and comprehension, Noble (1967), in 
researching the development of verbal meaning, determined 
that the acquired responses to questions asked are based on 
the understanding a person has of the meanings of ideas 
expressed by the stimulus. There are various possible 
logical meanings of "meaning" - such as, signification, 
denotation, connotation, equality, implication, and strict 
implication. Noble's analysis and its incorporation into 
learning theory is that understanding establishes a highly 
reliable attribute of variation in learning. 
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More recently, the National Assessment of Educational 
Progress (NAEP, 1981) in a report entitled "Reading, 
Thinking, and Writing" revealed research findings about 
assessing literature achievement. In the NAEP study, 
students first were required to answer multiple-choice 
questions regarding information they had covered and 
passages they had read. Overall, the students performed 
reasonably well on these questions. Next, the students 
were asked to write about their interpretations of the work 
they had done and the passages they had read in an attempt 
to assess more complex reasoning skills. The results were 
generally disappointing. Explaining, analyzing, and 
judging proved to be higher order skills which required the 
students to be able to reason. Expressing the things they 
proved they already knew by successfully completing the 
multiple-choice questions even turned out to be a difficult 
task. Writing in this context required well-developed 
problem-solving strategies and critical thinking skills. 
The initial responses and interpretations seemed to 
satisfy the students. They understood the passages and 
could respond adequately to comprehension questions. 
However, when required to write about their readings, they 
were generally unable to assess concepts based on 
explanations of the criteria of those concepts. The 
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students could not explain or defend their own points of 
view in writing. They also could not judge the analysis of 
another point of view. 
The reasons for such results could be based on the 
decision procedure as expressed by Glass, Holyoak, and 
Santa (1979) who indicate that the central problem in 
enhancing learning is how the information processing system 
copes with the vast quantities of information arriving at a 
given moment. Given that the system is limited in its 
capacity to process information, it must be selective. 
Only a limited amount of information enters directly into 
conscious awareness. Even the meanings of the basic 
concepts can become available at an unconscious level and 
influence conscious processing. 
The conscious decision procedure can initiate both 
mental actions, such as memory search, and physical 
actions, such as complex motor skills. Both motor skills 
and recognition procedures (such as writing activities) 
become increasingly automatic with practice. 
Showing support for such a theory, a California based 
Bay Area Writing Project was performed by Tierney (1981) to 
determine the effect of writing in high school biology. 
The study involved setting up a control group and an 
experimental group with two different teachers and two 
different instructional approaches. The experimental group 
performed a wide variety of writing activities including 
practice essays, end-of-class summary writing, reading 
logs, learning logs, and essay tests. In the final 
analysis, conclusions were based on objective tests. 
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The control group covered the same material as the 
experimental group. Both groups performed the same 
laboratory activities for two semesters. In each semester, 
a different unit of biology was taught. The primary 
difference between groups was that the control group was 
asked to do very little writing while the experimental 
group did a great deal of writing. 
The evaluative tests were multiple choice 
examinations, given as pretests, posttests, and delayed 
posttests. The pretests and posttests were given to 
determine whether there was any significant progress within 
each group and to discover any comparisons that could be 
made between the two groups. The purpose of the delayed 
posttest was to examine retention and long term learning 
and to compare the results between groups. 
The test results showed that there was no significant 
difference between the control group and the experimental 
group on the posttest. Although there appeared to be no 
difference, it seems relevant to mention that the control 
group participated in multiple-choice testing on the two 
biology units throughout the two semesters while the 
experimental group did not. The raw data for the delayed 
posttest seemed to indicate a positive effect favoring the 
experimental group. 
TyPes of Writing Activities 
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Gray and Slaughter (1980) discuss a number of writing 
assignments. First, students can keep weekly journals 
throughout the semester based on the classroom, homework, 
or reading activities encountered. Writing in a journal 
encourages students to examine their experience with the 
subject matter and aids in review for examination purposes. 
It also allows the student to relate writing and subject 
matter and provides an opportunity to express the material 
in a meaningful and systematic manner. 
A second kind of writing experience is in-class 
writing. These assignments are discussed, explained, and 
begun in class; but may be taken home for completion. 
Beginning the papers in class offers students an 
opportunity to consult with the instructor for advice, 
direction, and reassurance of the initial stages. It also 
allows the instructor to discover any general difficulties 
with the assignment and to guide individual students having 
particular problems. These kinds of writing assignments 
fall into three major categories: descriptive, narrative, 
and analysis. 
The purpose of the descriptive exercise is to focus 
the students' attention on providing precise, vivid 
descriptive detail and selecting and arranging that detail 
so that it produces a unified impression. The purpose of 
narrative writing is to lead students to view their 
experiences selectively so that they can relate an episode 
that makes a point using only relevant details and 
excluding details that might well be true but that are not 
related to the chosen point. The purpose of analysis 
writing is to require students to analyze the parts of a 
whole. This involves writing comprehensive definitions, 
making comparisons between concepts, and making the bases 
of those comparisons clear and specifically related to a 
central point. The analysis category should include 
experiences and abilities obtained by the descriptive 
categories. 
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Gray and Slaughter (1980) suggest that faculty in all 
departments in a college maintain high standards of writing 
competency. Proponents of this idea assume that students 
develop a richer understanding of a subject if they write 
about it and that writing helps students think by helping 
them to analyze and synthesize material as well as to 
express their ideas clearly on paper. 
To initiate such a program, faculty need to arrive at 
a consensus on the characteristics of good writing in their 
fields. A college-wide writing program can support faculty 
workshops, seminars, and interdepartmental faculty 
cooperation in strengthening and planning writing 
instruction. It can prepare handbooks to aid faculty in 
teaching writing in conjunction with their own main 
subjects. It can also introduce revised freshman 
composition courses in which some writing assignments are 
based on suggestions submitted by other departments (Gray 
and Slaughter, 1980). 
Theory on the Teaching of Writing 
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Applebee (1977) suggests that writing and the teaching 
of writing in departments other than English could lead to 
more productive writing experiences and better writing in 
all aspects of a student's career. Unfortunately, most of 
the statistics reported on writing across the curriculum in 
England have only case-study significance. Applebee 
believes that students must be allowed to unsystematically 
explore new ideas and communicate what they have to say. 
They must be free of the demands of polished performance -
even if such performance is the ultimate educational goal. 
In support of Applebee's position, Emig (1977) posits 
the idea that writing represents a unique mode of learning. 
Writing serves learning uniquely because writing as 
process-and-product possesses a cluster of attributes that 
correspond uniquely to certain powerful learning 
strategies. Traditionally, the four languaging processes 
of listening, talking, reading, and writing are paired in 
either of two ways: talking and listening are characterized 
as first-order processes while reading and writing are 
characterized as second-order processes. First-order 
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processes are acquired without formal or systematic 
instruction; second-order processes tend to be learned only 
with the aid of formal and systematic instruction. Talking 
is the nearest languaging process to writing even though it 
is of a different order. Both involve creating a verbal 
construct. There are marked differences however. For 
example, writing is learned behavior; talking is natural, 
even irrepressible behavior. Most writing is slower than 
most talking. Talk leans on the environment; writing must 
provide its own context. Also, very importantly, writing 
results in a visible graphic product while talking usually 
does not. 
Emig states that the medium of written verbal language 
requires the establishment of systematic connections and 
relationships. One writes as one learns best - at one's 
own pace. The relation of pace to learning is that pacing 
allows for the shuttling among past, present, and future; 
for example, to connect the three major tenses of human 
experience to make meaning. 
Emig compares selected characteristics of successful 
learning strategies with selected attributes of writing, 
process and product. For example, both are multi­
representational, both provide immediate and long-term 
feedback, both provide explicit conceptual connections, and 
both are active, engaged, personal, and self-rhythmed. 
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Summary of the Psychology of Writing 
The results and conclusions of the research and theory 
in the use of writing as an instructional aid suggest that 
writing will enhance learning, concept attainment, 
retention, and thinking and problem-solving skills. For 
example, the conclusion of the Nathenson and Henderson 
(1980) study is that writing gives impetus to well­
developed revision of original thoughts and processes 
involved in expressing those thoughts. 
With regard to writing activities, Noble's (1967) 
research indicates that imagery and previous experiences 
are substantially significant factors in the understanding 
of a concept that is exhibited in a written response. One 
conclusion of the NAEP (1981) study is that since writing 
skills require a different set of cognitive skills than 
those involved in answering multiple-choice questions; and 
since writing is linked to critical thinking skills, one 
reason the results from tasks requiring more complex 
reasoning skills are not encouraging may be due in part to 
the inexperience of the learner in such writing activities. 
Research performed by Larkin, McDermott, Simon, and Simon 
(1980) concluded that computer science provides us with one 
clue to the cause of the difference between the step-by­
step procedure of the novice and the longer leaps of the 
expert. 
The results of the Tierney (1981) study tend to lead 
to implications that the writing process when used as an 
instructional technique can assist in improved retention 
and retrieval. 
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The current study used the suggestions made by 
Applebee which allows students to be more expressive. In 
addition, students in the current study were not being 
assessed critically with regard to grammatical standards. 
Finally, the current study used students considered novices 
in both writing and college mathematics. Based on the 
literature, the current study should result in improved 
achievement and retention for the subjects. 
Theory and Research in Mathematics-Related Content Areas 
Many research articles in mathematics-related areas 
suggest that writing improves the learning of basic 
concepts. These articles also suggest that assigning 
writing in mathematics related content areas is a realistic 
activity. 
In research performed by Donlan (1974), eleven 
hypotheses from a teacher survey were developed about the 
teaching of writing in the content areas. This article 
attempted to present a course in the teaching of writing 
based on the results of surveys of current teaching 
practices with respect to writing. The survey compared 
grade level, sex, experience, and content area with writing 
assignments. Types of writing assessed were narration, 
34 
exposition, argumentation, and reporting. Length of 
assignment, number of assignments, types of writing, basis 
for assignments, methods of teaching, types of corrections, 
types of comments, basis for evaluation, grading, 
disposition of papers, and writing responsibility were the 
writing variables assessed. The study consisted of a 
survey of 123 teachers whose teaching levels ranged from 
kindergarten to graduate school. 
The conclusion of the survey was the that there is a 
negative correlation between the length of the writing 
assignment and the teacher's tendency to assign it. Only 
9% of mathematics teachers surveyed make any writing 
assignments of the types presented. The most popular 
method of assignment is writing in class. Teachers tend to 
evaluate papers on form and content, placing more emphasis 
on content. However, teachers tend to feel that the 
responsibility for teaching writing should be that of the 
content area teacher. 
In order to demonstrate the effects of contrasting the 
uses of writing on composing and learning, Newell (1984) 
examined mechanical uses of writing (answering study 
questions) in contrast to writing that requires limited 
composing that is done primarily for the writer 
(notetaking), and to writing that requires production of 
coherent text that must be intelligible to a reader 
(analytical essay). According to Newell, at this time 
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there is virtually no empirical evidence that writing 
contributes to the learning of subject area content. 
"Learning" for Newell refers to 1) learning concepts, 2) 
relating those concepts to one another, and 3) relating the 
new concepts to one's own relevant knowledge. 
Eight high school science students were used in 
Newell's case study experiment for three weeks. Skilled 
writers were used in this study because it was thought they 
would be able to adapt and to perform more readily under 
laboratory conditions. For the notetaking task, students 
were asked to take notes the way they usually do when they 
study for tests. For the analytic essay, students were 
directed to apply concepts from the passages they read to a 
new situation. In science, this required application of 
concepts to solve new problems. When students completed 
each of the writing tasks, they wrote short answers to 
three application questions. Students were told that the 
writing sessions were not a test of their writing 
abilities, but that they would be tested on the information 
in the passages after they completed the writing tasks. 
Newell concluded that essay writing enabled students 
to produce a consistently more abstract set of associations 
for answering key concepts than did notetaking or answering 
studying questions. Text-forming demands of analytic essay 
writing allows the writer to elaborate the concepts in a 
way that simple notetaking does not. Essay writing 
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requires that the writers integrate elements of the passage 
into their knowledge of the topic rather than leaving 
information in isolated bits. Newell suggests that future 
research should include a study of retention. The measure 
of concept application had low reliability and contributed 
to the weakness of the study. Accordingly, Newell suggests 
that reliable tests must be developed. Furthermore, 
results from writing would be much more interpretable if 
the amount of verbalization was controlled. 
In similar research, Weiss & Walters ( 1980) conducted 
a study to examine four hypotheses: 1) the more students 
write, the better they will write; 2) the more students 
write, the less apprehensive they will be; 3) the more and 
more often students do content area writing, the more they 
will learn about it; and 4) the concepts students write 
about will be clearer than those they do not write about. 
Weiss & Walters state that prior to their research the 
claim that writing improves learning had not been 
systematically tested or measured, nor had individual 
strategies of writing as learning, especially those applied 
most readily outside English classrooms, been extensively 
assessed. 
The Weiss & Walters study used college students in 
four different content areas (none of which were English). 
A quasi-experimental, nonequivalent control group design 
for students in intact classes was used with pre-posttest 
analyses. Content and teaching method were held constant. 
There was a wide variety in the writing assignments 
including: brief (2-3 minutes), expressive and personal, 
formal and transactional, speculative, communicative, 
interruptive or closing a class, outside class, and 
preceded or followed by a discussion of their content and 
form. At the end of each class, each student was asked to 
respond in writing to the questions: "Which concept in 
today's class is most clear?" and "Which is least clear?" 
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Most of the statistical results did not prove Weiss & 
Walters hypotheses. The only significant differences 
showed that written concepts were learned with more clarity 
than non-written concepts and that in the statistics 
content area knowledge gain was higher in the experimental 
or writing group. 
In contrast, Paik (1983) performed a controlled 
statistical experiment in order to assess the effects of 
journal writing quantitatively. At the beginning of the 
fifth week (in a 15 week semester) in a business statistics 
course, Paik distributed a handout to students describing 
what the journal was about, how to write it, and the 
possible benefits. The students were encouraged to 
volunteer and half the volunteers were to do the journal 
while the other half would remain as the comparison group. 
As a reward, the journal group would get 10% of the total 
possible score for the course added to their score, if they 
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fulfilled the requirements satisfactorily; the control 
group would receive 5%. Assignment to each group was done 
by the instructor, using a randomization system. A 
straightforward two-sample comparison of experimental and 
control groups showed that the experimental group scored an 
average 10% better than the control group students. The 
average total score for the experimental group was 144; for 
the control group the average was 131 (out of 220 points). 
Their standard errors were 5.4 and 5.5, respectively. This 
difference of 13 points has a statistical significance 
probability of 5.5% (one-tailed). In other words, there is 
about a 5.5% chance that such a difference could have 
occurred simply by chance even if the journal writing had 
had no positive effects on learning. 
Paik's findings can be applied to mathematics. For 
example, according to King (1982), the purpose of writing 
assignments in mathematics is to help students learn 
mathematics by getting them to think actively about 
mathematical concepts, problems, and their 
interrelationships. Writing does this by helping students 
focus on an assignment, analyze and synthesize new 
information, consider alternative solutions, confront math 
anxiety, and record their thought processes. 
King discusses two types of writing: transactional 
(writing to inform, explain, report, or persuade an 
audience other than the writer) and expressive (personal 
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writing where the intended audience is the writer or 
someone who the writer knows very well). Asking students 
to explain mathematics concepts and procedures is often 
preferable to asking them to explain orally because all 
students can participate simultaneously. Writing tends to 
encourage students to be more precise in verbal expression, 
and both teacher and student can review the work together 
and discuss specific problems. Students can be asked to 
explain a process for solving an equation or mathematical 
problem. Written explanations can be written for oneself 
and kept in a journal or notebook, written for the teacher 
and handed in, or written for other students and shared 
with the whole class or in small groups. When students 
share their explanations with one another, they begin to 
realize what is missing from explanations and what is clear 
and specific in others. After critiquing the explanations 
of others, they may be able to write better ones 
themselves. 
In support of King's position, Johnson (1983) suggests 
that teachers of mathematics need to recognize that writing 
can be a valuable learning and evaluative tool. If 
students can write clearly about mathematical concepts, 
then it is apparent that they understand them. Further, 
good writing is a part of the problem-solving process. For 
this reason, students need the opportunity to use and 
refine writing skills in a mathematical context. 
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According to Johnson, writing can help mathematics 
students in many different ways. Students who are required 
to write must do considerable thinking and organizing of 
their thoughts before they write, thus crystallizing in 
their minds the concepts studied. After completion of the 
written work, it is then available for their own use in 
later studies, and it may be shown to other students who 
have difficulty with the same concept. Finally, the entire 
process will give students valuable practical experience in 
expressing their thoughts in writing, a skill that they 
will most certainly need in any future position of 
responsibility. 
Finally, Kennedy (1985) suggests that there are a 
number of ways to give assignments in writing in 
mathematics. For example, his primary suggestion involves 
having students write letters during class explaining what 
they understand, what they do not understand, and what they 
are wondering about. Writing these letters allows students 
to confess their ignorance of things they would never admit 
to in class. Other methods suggested by Kennedy are having 
students keep periodic (daily or weekly) logs, devise 
problems, and describe their methodology in solving a 
problem. Ultimately, Kennedy emphasizes that writing in 
mathematics can reveal problems that students are having 
learning basic concepts, clarify thinking, relieve math 
anxiety, and generate ideas and questions. 
Relevance to the Current Study 
The current study used mathematics as the content 
area. Based on the Donlan (1974) results, papers were 
evaluated on content and form with more emphasis on 
content. Similarly, as Donlan suggests, as grade level 
increases the number of writing activities increases. 
Since the current study used college students, writing 
assignments were made in each class session. The 
suggestions for future research suggested by Newell (1984) 
including the testing of retention, using reliable tests, 
and controlling the amount of writing were considered and 
addressed in the present study. 
The current study dealt with Weiss & Walters' (1980) 
hypothesis which stated that the more and more often 
students write about a subject, the more they will learn 
about it. In addition, the current study had similar 
methodologies; however, it attempted to make the variables 
more defined and specific in the area of mathematics­
related writing assignments. 
Synthesis of Related Research 
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The writing across the curriculum (Applebee, 1985) 
movement stands as the basis for much of the research 
performed and reported in the current project. The primary 
cognitive base for the current study comes from Gagne' 
(1985); the predominant background in writing and learning 
stems from the theories of Emig (1977) and Applebee (1985); 
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the essential articles relating writing and mathematics are 
by King (1982) and Johnson (1984); and the most relevant 
research was performed and reported by Newell (1984) and 
Weiss & Walters (1980). Much of the other research and 
literature is based on these articles. 
When the basic ideas from all of the related research 
is compiled, a synthesis reveals that assigning writing 
activities should improve the student's ability to learn a 
concept and to be able to apply it. Along with this 
students should become better problem-solvers and should be 
able to retain more of their new knowledge. This is due to 
improved cognitive connections and associations between the 
senses, short-term memory, long-term memory, and the 
response generator which allows the capability of 
composition writing. In fact, Emig (1977) points out that 
writing progresses as an act of discovery. 
Most of the writers in the literature review agree 
that writing enhances the ability to learn a concept. In 
mathematics, essay writing should cause the learner to 
examine concepts more thoroughly in order to express and 
explain them. Also, as Gagne' suggests, verbalization such 
as writing will stimulate the concepts to be transferred 
from short-term to long-term memory. As a result, 
retention should be improved. 
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Areas for Further Research 
The current study attempted to discern whether or not 
essay writing in mathematics would improve achievement, 
retention, and problem-solving ability. There are several 
related issues, however, which this research did not 
address but which should be examined at another time. They 
are as follows: 
1) Will other types of writing such as journals, letter­
writing, or problem-posing enhance learning ability? 
2) Will developmental teaching or concept teaching used 
simultaneously with essay writing further increase 
achievement as compared to traditional instructional 
strategies used with essay writing in mathematics? 
3) What are the effects of writing in mathematics at the 
high school or junior high school levels? 
4) Is it possible to pre-assess writing skills before the 
treatment period so that the experiment can more 
definitively determine whether the ability to write well 
enhances mathematics achievement or if high mathematics 
ability improves the ability to write essays in 
mathematics. 
General Design 
Chapter 3 
Methodology and Design 
The effects of writing activities in college 
mathematics on skill development and application problem­
solving ability were investigated within the General 
Education mathematics (GE 112) course for the spring 
semester of 1986 at Virginia State University. This study 
was a pretest-posttest control group design. 
Treatment 
The treatment extended over a four week period and a 
retention test was given to the subjects two weeks after 
the treatment. Because of the class time taken for essay 
writing activities, the experimental group used the entire 
four weeks to cover the material on which all of the 
research subjects were tested. To equalize the testing 
schedule, the control group, which only took three weeks to 
complete the mathematical material covered on the test, 
covered two additional topics. These topics, however, were 
related directly to the test topics and would serve as a 
review for some test topics for the control group. 
Therefore, even though the retention test period for the 
control group was actually one week longer, the subsequent 
topic likely served as a positive factor in their 
retention, or certainly, at least, not as a negative 
factor. 
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Both the experimental and control groups were taught 
in the conventional teacher-directed manner as prescribed 
by the Virginia State University Mathematics Department 
faculty. Students in the experimental group were assigned 
essays to write each class day as a portion of their 
homework and in-class requirements. The control group had 
no essay assignments. The essay assignments are described 
below. 
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The essays assigned for homework consisted of two 
descriptive questions, of which students were to select one 
to answer. The homework assignments also consisted two 
explanatory questions, of which one was to be selected. 
The descriptive questions asked students to describe an 
algorithm or general procedure that was used to solve 
problems similar to those presented in class. The 
explanatory questions, however, required students to 
explain why a particular answer was a reasonable one. The 
explanatory questions also required students to make 
comparisons or distinctions between two or more concepts or 
relationships. 
In addition to the essay writing assigned as homework, 
students were assigned writing activities which were 
started, completed, and discussed in class. The in-class 
writing took place once each week, four in-class 
assignments in all. Each of these in-class assignments was 
of a different format. The first assignment required 
students to write an explanation of a class lesson for a 
fellow student who was absent. The second assignment 
required students to make corrections to an errant essay. 
The third assignment required students to complete and 
explain statements regarding their understanding or 
confusion about topics. The fourth assignment required 
students to write a letter to their parents explaining the 
final topic in the unit. 
46 
The general procedure of the in-class assignments, 
however, was the same. The final twenty minutes of the 
period was used for the writing activity. First, students 
had three minutes to read the assignment, settle into 
working, and to think through possible responses. Next, 
ten minutes were allowed for writing a response to the 
assignment. Finally, seven more minutes were used for 
three or four randomly selected students to read their 
responses aloud and to discuss, compare, and contrast their 
responses with those of their classmates. The students 
were made aware of this general procedure prior to the 
assignment. Students were allowed to use their textbooks 
and their notes if they desired. 
Each type of essay was practiced in class during the 
two class periods prior to the beginning of the treatment. 
The practice procedures entailed: 1) reading the assignment 
silently, 2) writing an essay to complete the assignment, 
3) reading randomly selected essays aloud to the class 
(without revealing the name of the author), and 4) 
discussing each of the essays read aloud and the grades 
they received. Each essay that was assigned (except for 
the practice essays) was collected and graded. Each essay 
was scored as follows: 
3 points- Ideas were well organized and expressed, and 
mathematics virtually error free and skillful 
2 points- Ideas were only partially developed, mathematics 
discussed competently but with some errors 
1 point- Ideas were vague and poorly expressed with 
frequent logic and math errors 
0 points- Did not answer question or did not turn in 
assignment on time. 
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The practice assignments, the essays assigned for 
homework, the in-class essay assignments, the grading 
scale, the grading criteria, and two graded writing samples 
with explanations are all presented in the appendix. 
While the instructional method was not a critical 
variable in this study, it was important that both the 
control group and the experimental group be taught in the 
same manner. The method used in this study was the 
teacher-directed conventional lecture and question format. 
This is a program of information delivery employing 
lecture, class discussion, and demonstration in which 
teachers follow a prescribed content outline (Harsher, 
198 2 ,  p. 13). Teachers were instructed to adhere strictly 
48 
to the content outline as provided by the syllabus for the 
course. A copy of the syllabus is contained in the 
appendix. Each teacher in the study was experienced in 
higher education; the teacher with the least experience 
(the researcher) had eight years in teaching mathematics on 
the college level. Each teacher had also taught the course 
Basic Math many times. There is no reason to believe that 
teachers in either the experimental or control groups 
conducted classes in significantly different manners so as 
to influence the results. Experimenter bias was controlled 
since the researcher taught only the experimental classes. 
The Sample 
Virginia State University is a state supported, 
liberal-arts, four-year institution located in Ettrick, 
Virginia. Approximately forty-eight percent of the 
students come from outside of the state of Virginia. The 
great majority of the students are Black; however, 
approximately ten percent of the students are White and 
about four percent are of foreign origin. Many of the 
students are from low socio-economic backgrounds as 
indicated by the fact that eighty percent of the student 
body is receiving financial assistance from the state, 
federal loans, and equal opportunity grants that require 
them to have little or no financial support from parents. 
The students are predominately from the East coast of the 
United States and reside on campus. 
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The students enrolled in General Education Mathematics 
(GE 112) generally have weak backgrounds in high school 
mathematics and are taking the course because it meets part 
of their graduation requirements for the bachelor of arts 
degree at Virginia State University. This course is 
designed for students not majoring in mathematics or the 
natural sciences. Most of the students in this course have 
completed the elementary algebra course, which is designed 
to give them the necessary foundation for successful 
completion of this required course. The average Scholastic 
Aptitude test score for the sample is approximately 550 on 
the combined score which is generally considered very low. 
A comparison of SAT scores (both combined and quantitative) 
indicates no difference between the control group and the 
experimental group. 
The General Education Mathematics course is a two­
semester course in which the first semester (GE 112) is 
primarily intermediate algebra while the second semester 
(GE 113) focuses on finite mathematics topics. This study 
deals with material from the first semester course. The 
course content during the treatment period consisted of the 
Pythagorean Theorem, graphs and equations of straight 
lines, linear inequalities, relations, and functions. 
Since a number of students drop out of the course 
after midterm, an attempt was made to avoid mortality as a 
threat to internal validity by conducting this research 
before midterm. Students who withdrew from the course for 
any reason were not considered for this study. students 
were not informed that they were part of a research study, 
so that the Hawthorne Effect as a threat to internal 
validity would be controlled. 
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There were 10 sections of GE 112 scheduled for the 
spring semester of 1986 at Virginia State University. Six 
of these sections were scheduled on Tuesdays and Thursdays. 
One of these six classes was cancelled due to insufficient 
enrollment. The remaining five sections comprised the 
sample. There was no reason to believe that students 
selecting one section over another would constitute any 
differences in the sample between classes. Two of the 
sections were selected to be the experimental sections 
while the other three were considered as the control group. 
This decision was based on the fact that the teacher of the 
cancelled class was the teacher who was prepared by the 
researcher to.instruct an experimental class. The 
experimental sections that remained were taught by the 
researcher. There were 117 students who took at least one 
of the three tests. However, only 99 students completed 
all three tests. Fifty of these students made up the 
experimental group while the other 49 were used as the 
control. The subjects used in the study were reflective of 
all students in the entire university student body who are 
required to take the Basic Math course, in terms of race, 
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socio-economic level, sex, and SAT scores. The control and 
experimental groups were similar with regard to socio­
economic levels, race, and sex. The control and 
experimental groups were also similar in SAT scores and 
pretest scores. The comparative data of the SAT scores and 
pretest scores are presented in Chapter IV. (See Tables 3, 
13 1 14 1 15 1 2 4 1 and 2 5 o ) 
The Instruments 
The pretest, a Virginia State University Mathematics 
Department-designed test measuring achievement and problem­
solving ability was administered during the third week of 
class to all sections of GE 112. A posttest equivalent to 
the pretest was given to both the control and experimental 
groups at the conclusion of the four week treatment period. 
Two weeks after the posttest a third test was given as a 
measure of retention. All three tests (pretest, posttest, 
and retention test) were alternative forms of the same 
test. The tests were given in fifty minute periods. 
The total pretest, posttest, and retention test 
consisted of twenty multiple-choice questions each. 
Problems 1-10 and 16-20 required procedural or skill 
knowledge. These questions constituted a subtest referred 
to as the skills subtest. One such question, for example 
is, "The distance from the origin to the point (-4, -3) is 
a) 5 b) 7 c) 12 d) 25 e) -7". Problems 11-15 are 
application problems that require problem-solving skills. 
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These problems constituted a second subtest referred to as 
the applications subtest. The application problems are of 
the type that can be solved using arithmetic techniques and 
algebraic techniques involving simple linear or quadratic 
equations. These problems are similar to those typically 
found in standard algebra courses of this type. An example 
of an application problem would be, "A rectangular room is 
8 feet long and has a diagonal 10 feet long. How many 
square feet of carpet will be needed to cover the entire 
floor?" 
The total score was determined by counting the number 
of correct answers. Students were allowed to use 
calculators during the instructional period and while 
taking these tests. The total score on the pretest was 
used as a covariate for the total score on the posttest. 
Similarly, the skills and applications subtests, from the 
pretest were used as covariates for the skills and 
applications subtests, respectively, from the posttest. 
Likewise, the corresponding posttests and subtests were 
used as covariates for the retention test. 
Validity of the Instruments 
The test instruments were designed to measure 
achievement and problem-solving ability and were used as 
assessment devices rather than predictors. For this 
reason, content validity was the only concern. Content 
validity rests on content sampling and methods of test 
53 
construction. The test questions were reviewed by the 
faculty of the Virginia State University Mathematics 
Department and were judged to have content validity based 
on the content of the course and the textbook topics of 
instruction. Therefore, for the purposes of this study, 
the content validity of these tests is deemed satisfactory. 
Reliability of the Instruments 
The homework essay questions and two equivalent forms 
of each test were pilot tested in the Fall of 1985 at 
Virginia State University with students enrolled in GE 112. 
As a result of the pilot testing, the following changes 
were made in the essay assignments: 1) an increase in 
homework essay assignments from six to eight, and 2) 
inclusion of in-class essays of different formats. These 
in-class essays were designed with the assistance of a 
writing expert, C.W. Griffin, in the English department of 
Virginia Commonwealth University. No other changes in the 
original writing assignments were made as a result of the 
pilot study. 
The method of estimating reliability on the tests was 
the Kuder-Richardson Formula 21 which is as follows: 
RELIABILITY = 1 - [M (K-M)]/K(VAR) 
where K = NUMBER OF TEST ITEMS 
M = MEAN NUMBER CORRECT 
VAR = VARIANCE 
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The K-R 21 formula is designed to measure consistency of 
test scores within a single administration of a test. The 
reliability coefficient obtained by this method indicates 
internal consistency of the test. Reliability was measured 
for each of the equivalent forms of the tests so that the 
tests to be used in the final study were those forms with 
the highest coefficients. The reliability coefficients 
ranged from .78 to .84 on the total test and from .64 to 
.92 for the subtests. While these values are not as high 
as those on standardized tests, they are deemed 
satisfactory for teacher-made tests (Grounlund, 1977). The 
reliability data for the total tests can be found in 
Table 1. 
Form A 
PRETEST 
M = 13 
K = 20 
VAR = 20.45 
RELIABILITY 
= . 78 
Form B 
PRETEST 
M = 15 
K = 20 
VAR = 21.62 
RELIABILITY 
= .82 
TABLE 1 
Reliability of Tests 
POSTTEST 
M = 15.2 
K = 20 
VAR = 19.2 
RELIABILITY 
= .81 
POSTTEST 
M = 13.9 
K = 20 
VAR = 19.7 
RELIABILITY 
= .78 
RETENTION 
TEST 
M = 13.8 
K = 20 
VAR = 26.7 
RELIABILITY 
= .84 
RETENTION 
TEST 
M = 14.2 
K = 20 
VAR = 18.6 
RELIABILITY 
= .78 
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Based on these reliability results, Form B of the 
pretest, Form A of the posttest, and Form A of the 
retention test were employed for this study. These tests 
are contained in the appendix. The reliabilities of the 
corresponding subtests can be found in Table 2. 
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TABLE 2 
Reliability of Subtests 
Skills Subtest 
PRETEST POSTTEST 
M = 10 M = 9.4 
K = 15 K = 15 
VAR = 27.8 VAR = 43.9 
RELIABILITY RELIABILITY 
= .88 
= . 92 
Applications Subtest 
PRETEST POSTTEST 
M = 2.4 M = 2.1 
K = 5 K = 5 
VAR = 3.85 VAR = 3.82 
RELIABILITY RELIABILITY 
= .67 = . 64 
RETENTION 
TEST 
M = 11.2 
K = 15 
VAR = 25.8 
RELIABILITY 
= .89 
RETENTION 
TEST 
M = 3.1 
K = 5 
VAR = 3.89 
RELIABILITY 
= .72 
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Data Analysis 
A two tailed, analysis of covariance (ANCOVA) was used 
to test the null hypotheses presented in Chapter I for the 
treatment with respect to total scores and subtest measures 
for post and retention periods. For the posttest measures, 
the corresponding pretests (total and subtests) were used 
as covariates. Similarly, for the retention tests, the 
posttests (total and subtests) were used as the covariates. 
A completely separate analysis was made of the data 
from the experimental group. Students in the experimental 
group were classified on the basis of their total writing 
scores on the in-class essays and home assignment essays. 
The total writing scores ranged from 9 to 54 points. 
Originally, the students were to be ranked from highest to 
lowest on the basis of total essay writing scores and 
divided into three equivalent sized groups to be designated 
as "good writers" (upper third), "average writers" (middle 
third), and "poor writers" (lower third). The ranked total 
writing scores that resulted, however, provided natural 
"breaks" for the upper, middle, and lower scores. 
Separating the students into equal thirds was not possible 
due to students having the same total scores. Students who 
had total writing scores from 40 to 54 points were 
classified as "good writers" (n = 13), those with total 
scores from 30 to 35 points were classified as "average 
writers" (n = 23), and those who had totals from 9 to 24 
points were considered as "poor writers" (n = 14). A 
listing of the total number of points scored on the essay 
writing assignments is located in the appendix. 
Comparisons were then made between the good writers and 
poor writers for the skills and applications subscores as 
well as the total achievement test score. Those students 
who had the middle range of scores were designated as 
"average writers" and were omitted for purposes of 
distinctness and clarity. ANCOVA was used to compare the 
high and low groups to determine whether or not writing 
ability has any relationship to test performance. 
Finally, the good writers from the experimental group 
were compared with the subjects in the control group using 
results of the total score and the subscores on both the 
posttest and retention test. 
Statistical Rationale 
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The analysis of covariance procedure used in this 
study was a proper statistical procedure for the variables 
that the analysis was attempting to relate. These 
statistical procedures have been used in numerous similar 
studies relating some of the same variables (Harsher, 1982; 
Nathenson and Henderson, 1980; Krutetskii, 1976). Another 
possible statistical treatment would be to use a t-test on 
the posttest results and then on the retention test 
results. The t-test, however, does not adjust for any 
differences in the pre-treatment period when analyzing the 
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posttest or in the post-treatment period when analyzing the 
retention test. Even if a t-test on the covariate reveals 
no statistically significant difference, there may be 
enough of a difference that the results of a t-test on the 
criterion variable may be influenced by the initial 
difference. As a result, the t-test on the criterion 
variable may indicate a difference that has been 
exaggerated to the level of significance or perhaps fail to 
show a difference that actually exists. 
The ANCOVA has a smaller error variance than the 
t-test. In the non-equivalent group design, the adjustment 
made in the ANCOVA not only can increase precision but also 
usually alters the expected value of the treatment effect 
estimate as compared to the t-test. ANCOVA compares the 
regression lines for the respective comparison groups. 
Therefore, the ANCOVA involves a t-test combined with 
linear regression (Cook & Campbell, 1979). 
Based on these reasons and backed by the precedents 
mentioned above, analysis of covariance was used in this 
study as the primary method of determining statistically 
significant differences. 
Introduction 
Chapter 4 
Research Results 
The major purpose of the present investigation was to 
determine whether or not writing essays in a college 
mathematics course would improve total achievement, skills 
and applications performance, and the retention of these 
skills and abilities. This was attempted by requiring an 
experimental group of intermediate algebra students at 
Virginia State University to write essays and a control 
group to follow the same instruction with the exception 
that they did not write essays. Each group took the same 
pretests, posttests, and retention tests so that the 
results could be statistically compared. 
In this chapter the results of the experiment are 
described using the null hypotheses presented in Chapter 1 
as the organizers for the description. The three major 
areas of comparison were as follows: 1) the control group 
versus the experimental group, 2) good writers versus poor 
writers, and 3) good writers in the experimental group 
versus the control group. Within each area of comparison 
there were two considerations, the results of the posttest 
and of the retention test. For each of these tests, the 
total test scores, the skills subtest scores, and the 
applications subtest scores were analyzed. Other data 
collected included SAT scores (combined and quantitative) 
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and a writing score for each subject in the experimental 
group. The SAT scores were used to compare the aptitude 
and experience of the control and experimental groups prior 
to the treatment. The writing score was used as a blocking 
variable to distinguish between good writers and poor 
writers. 
Analysis of Covariance 
Analysis of covariance (ANCOVA), using the pretest as 
covariate, was used to test the null hypotheses that the 
adjusted means on the posttest and on each subtest were 
equal for both samples. Likewise, an ANCOVA was used with 
the posttest as the covariate to examine the parallel null 
hypotheses for the retention test. The same procedures 
were employed for comparing the good writers with the poor 
writers in the experimental group and the good writers in 
the experimental group with the members of the control 
group. All p-values are reported in the tables 
corresponding to the results being discussed. The null 
hypothesis was rejected when the difference in the adjusted 
sample means had a p-value less than the .05 level of 
significance. 
Control Group versus Experimental Group 
Although the covariate was used to compensate for any 
differences in the beginning levels of the experimental 
group and the control group in mathematics knowledge, a 
t-test was performed on the results of the pretest as a 
check of equality of knowledge between groups. The ANCOVA 
using the pretest as the covariate suggests relationships 
between the treatment and the posttest scores. The t-test 
on the pretest, however, only gives information about the 
sample before the treatment period began. The t-test 
results, as summarized in Table 3, indicate that there was 
no initial significant difference although a small 
difference in the means did exist. 
TABLE 3 
Independent Means t-test for Experimental Group vs. 
n 
Mean 
Std Dev 
Control Group on Total Pretest Scores 
Experimental Control 
Group Group 
50 49 
3.900 4.143 
1.919 1.936 
Probability = .999 (Two-tail) 
T df 
-.627 97 
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Posttest Results 
Table 4 presents the sample statistics for the total 
score on the posttest for the control and experimental 
groups, respectively. The analysis of covariance for the 
total score using the pretest as the covariate and the 
posttest as the criterion variable, yields a p-value of 1 
which means that the groups are statistically identical. 
This suggests that the null hypothesis Hla cannot be 
rejected. This result indicates that there was no 
significant difference between the control group and the 
experimental group on the mean scores on the total 
posttest. That is, the treatment appeared to have no 
effect on the total achievement. 
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n 
Max 
Min 
Range 
Mean 
Adjusted 
Variance 
Std Dev 
Std Err 
TABLE 4 
Pretest and Posttest Sample Statistics of 
Total Test Results for 
Control Group and Experimental Group 
Control Experimental 
Pre Post Pre Post 
49 49 so so 
10 20 8 20 
0 s 0 3 
10 1S 8 17 
4.143 13.163 3.900 12.940 
Mean 12.964 13.13S 
3.7SO 12.889 3.684 19.364 
1. 936 3.S90 1. 919 4.400 
.277 . S13 .217 .622 
The sample statistics for the skills subtest on the 
posttest are presented in Table S for the control and 
experimental groups, respectively. The analysis of 
covariance for the skills subtest using the skills subtest 
of the pretest as the covariate and the skills subtest of 
the posttest as the criterion variable yields a p-value of 
1 which means that the groups are statistically identical. 
This suggests that the null hypothesis Hlb cannot be 
rejected. That is, there was no significant difference 
6S 
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between the control group and the experimental group on the 
mean scores on the skills subtest. This leads to the 
implication that the treatment appeared to have no effect 
on mathematical skills attainment. 
n 
Max 
Min 
Range 
Mean 
Adjusted 
Variance 
Std Dev 
Std Err 
TABLE 5 
Pretest and Posttest Sample Statistics of 
Skills Subtest Results for 
Control Group and Experimental Group 
Control Experimental 
Pre Post Pre Post 
49 49 50 50 
8 15 7 15 
0 5 0 3 
8 10 7 12 
3.143 10.694 3.060 10.671 
Mean 10.671 10.323 
2.417 6.175 2.384 9.969 
1. 555 2.485 1. 544 3.157 
.222 .355 .218 .447 
Table 6 exhibits the sample statistics for the 
applications subtest on the posttest for the control and 
experimental groups, respectively. The analysis of 
covariance for the applications subtest using the 
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application subtest of the pretest as the covariate and the 
applications subtest of the posttest as the criterion 
variable yields a p-value of 1 which means that the groups 
are not statistically different. This suggests that the 
null
. 
hypothesis Hlc cannot be rejected, which means that 
there was no significant difference between the control 
group and the experimental group on the mean scores on the 
applications subtest of the posttest. Therefore, essay 
writing appeared to have no effect on the ability to solve 
application problems. 
TABLE 6 
Pretest and Posttest Sample Statistics of 
Applications Subtest Results for 
Control Group and Experimental Group 
Control Experimental 
Pre Post Pre Post 
n 49 49 50 50 
Max 3 5 3 5 
Min 0 0 0 0 
Range 3 5 3 5 
Mean .878 2. 571 .840 2.640 
Adjusted Mean 2.552 2.659 
Variance .693 2.042 .709 1. 990 
Std Dev .832 1. 429 .842 1.411 
Std Err .119 .204 .119 .200 
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The summary of the p-values for the results of the 
analysis of covariance for the total posttest and each 
subtest using the pretest as the covariate is presented in 
Table 7. As has been noted, none of the results reveal 
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statistically significant differences at the p < .05 level. 
In fact, the mean scores for the total test and subtests 
were statistically identical. The implication is that 
essay writing in college mathematics has no relationship to 
successful achievement in mathematical skills or 
application problem-solving. 
Total 
Score 
Skills 
Subtest 
Appl. 
Subtest 
TABLE 7 
Analysis of Covariance on 
Posttest Measures with 
Pretest as Covariate for 
Control Group vs Experimental Group 
F df 
Ratio Treatment 
.113 1 
.403 1 
.213 1 
df 
Error 
96 
96 
96 
Retention Test Results 
p less 
than 
1.000 
1.000 
1.000 
Results of the retention tests must be viewed 
cautiously due to the fact that the experimental group had 
a two week retention test and the control group had a three 
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week retention test. It is relevant to note, however, that 
the topic covered in the fourth week of the study by the 
control group was probably helpful in that it served to 
reinforce some of the previous topics. Table 8 presents 
the sample statistics for the total score on the retention 
test for the control and experimental groups, respectively. 
The analysis of covariance for the total score using the 
posttest as the covariate and the retention test as the 
criterion variable yields a p-value of .028 which means 
that the groups are statistically different at the .05 
level. This suggests that the null hypothesis H2a should 
be rejected, or that there was a significant difference 
between the control group and the experimental group on the 
mean scores on the total retention test. That is, writing 
essays in mathematics appeared to have a positive effect on 
the overall retention of material for the experimental 
group. 
n 
Max 
Min 
Range 
Mean 
Adjusted 
Variance 
Std Dev 
Std Err 
TABLE 8 
Pretest and Posttest Sample Statistics of 
Total Test Results for 
Control Group and Experimental Group 
Control Experimental 
Pre Post Pre Post 
49 49 50 50 
20 20 20 19 
5 2 3 1 
15 18 17 18 
13.163 11.367 12.940 11.760 
Mean 11.251 11.760 
12.889 16.112 19.364 22.104 
3.590 4.014 4.400 4.702 
. 513 .573 .622 .665 
In Table 9, the sample statistics for the skills 
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subtest on the retention test are shown for the control and 
experimental groups, respectively. The analysis of 
covariance for the skills subtest using the skills subtest 
of the posttest as the covariate and the skills subtest of 
the retention test as the criterion variable yields a p-
value of .041 which means that the groups are statistically 
different. This suggests that the null hypothesis H2b 
should be rejected. This result indicates that there was a 
significant difference between the control group and the 
experimental group on the mean scores on the skills 
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subtest. More specifically, the treatment appeared to have 
a positive effect on the retention of mathematical skills. 
n 
Max 
Min 
Range 
Mean 
Adj usted 
Variance 
Std Dev 
Std Err 
TABLE 9 
Pretest and Posttest Sample Statistics of 
Skills Subtest Results for 
Control Group and Experimental Group 
Control Experimental 
Pre Post Pre Post 
49 49 50 50 
15 15 15 15 
5 2 3 1 
10 13 12 14 
10.694 9.224 10.300 9.340 
Mean 9.016 9.545 
6.175 8.303 9.969 12.760 
2.485 2.881 3.157 3. 572 
.355 .412 .447 .505 
A presentation of the sample statistics for the 
applications subtest on the retention test for the control 
and experimental groups, respectively, is in Table 10. The 
73 
analysis of covariance for the applications subtest using 
the application subtest of the posttest as the covariate 
and the applications subtest of the retention test as the 
criterion variable yields a p-value of 1 which means that 
the groups are statistically the same. This suggests that 
the null hypothesis H2c cannot be rejected. This result 
indicates that there was no significant difference between 
the control group and the experimental group on the mean 
scores on the applications subtest of the retention test. 
In other words, essay writing appeared to have no effect on 
the ability to retain knowledge related to solving 
application problems. 
n 
Max 
Min 
Range 
Mean 
Adjusted 
Variance 
Std Dev 
Std Err 
TABLE 10 
Pretest and Posttest Sample Statistics of 
Applications Subtest Results for 
Control Group and Experimental Group 
Control Experimental 
Pre Post Pre Post 
49 49 50 50 
5 5 5 5 
0 0 0 0 
5 5 5 5 
2.571 2.143 2.640 2.420 
Mean 2.212 2.352 
2.042 1. 958 1. 990 2.085 
1. 429 1. 399 1.411 1. 444 
.204 .200 .200 .204 
The summary of the results of the analysis of 
covariance for the total retention test and each subtest 
using the posttest as the covariate is presented in Table 
11. The results indicate statistically significant 
differences at the p < .05 level in the total score and in 
the skills subtest which suggests that the treatment 
enhances retention in these areas. In contrast, the 
application retention subtest revealed no differences at 
all. 
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Total 
Score 
Skills 
Subtest 
Appl. 
Subtest 
TABLE 11 
F df 
Ratio Treatment 
4.852 1 
4.186 1 
.665 1 
Good Writers versus Poor Writers 
df 
Error 
96 
96 
96 
p less 
than 
.028 
.041 
1.000 
Before the statistical results of the good writers 
compared with the poor writers are given, the following 
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information is presented to provide a clearer understanding 
of the distinctions between these two groups. The point 
totals on the essay activities, both in-class and homework 
essays, for the experimental group ranged from a high of 54 
points to a low of 9 points. Within this range, 13 
students with total writing scores of 40 to 54 points were 
designated as good writers while 14 students with writing 
scores totalling 9 to 24 points were designated as poor 
writers. The mean point total for the good writers was 
48.3 with a standard deviation of 4.0. The mean point 
total for the poor writers was 16.7 with a standard 
deviation of 4.6. The mean point total for the entire 
experimental group was 32.3 with a standard deviation of 
12.1. 
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To be able to compare an explanatory writing score 
with a descriptive writing score, means were converted to 
percentages of the total possible score in order to have a 
common scale since the number of possible points for the 
two types of questions differed. The percentages of 
possible points are presented in Table 12. In all, there 
were eight descriptive questions and twelve explanatory 
questions including the in-class essays. The mean point 
total for the descriptive questions for the entire 
experimental group was 18.2 out of 24 possible points or 
76.0% of the total. The mean point total for the 
explanatory questions was 22.4 out of 36 possible points or 
62% of the total. There is a clear distinction between 
good and poor writers. However, there appears to be little 
difference within each group between descriptive and 
explanatory writing. No comparisons were made reflecting 
the two types of writing. 
Good 
Writers 
Poor 
Writers 
TABLE 12 
Mean Writing Scores as Percentages of 
Total Possible Scores 
Total 
Mean 
Writing 
Score % 
80.51 
28.00 
Descriptive 
Mean 
Writing 
Score % 
79.82 
26.74 
Explanatory 
Mean 
Writing 
Score % 
81.54 
29.00 
To determine whether or not the good writers and poor 
writers were equivalent in mathematical knowledge at the 
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beginning of the treatment period, a t-test was used on the 
total pretest means for the two groups. The results of the 
t-test, as exhibited in Table 13, reveal that the good 
writers' test scores were significantly higher than the 
poor writers when the treatment began. 
n 
Mean 
Std Dev 
TABLE 13 
Independent Means t-test for Good Writers vs 
Poor Writers on Total Pretest Scores 
Good 
Writers 
13 
5.077 
2.019 
Poor 
Writers 
14 
2.357 
1.216 
Probability < .001 
T 
4.277 
Even though the means on the pretest were 
78 
df 
25 
significantly different statistically, both were extremely 
low when one considers that a score of 4 is possible by 
chance on this test. Thus, the actual contribution that 
pre-knowledge or skill may have had in affecting the 
posttest scores can be considered negligeable. 
Furthermore, to guard against the interference of such 
possible differences regardless of how small, the pretest 
scores were used as covariates to statistically account for 
the initial difference. 
To further determine the disparity between the good 
writers and poor writers at the beginning of the treatment 
period, a t-test was performed on the Scholastic Aptitude 
test (SAT) on both the combined scores and the quantitative 
scores of the students in the study. The results (Table 14 
and Table 15) reveal that there were no significant 
differences in either of these measures. This would imply 
that the good writers and poor writers were not as 
different in mathematics backgrounds or total aptitude as 
the results from the pretest would suggest. 
TABLE 14 
Independent Means t-test for Good Writers VS 
Poor Writers on Total Pretest Scores 
Good Poor 
Writers Writers T df 
n 13 14 
Mean 538.339 521.867 1. 346 25 
Std Dev 77.024 81.942 
Probability < .995 (Two-tail) 
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n 
Mean 
TABLE 15 
Independent Means t-test for Good Writers vs 
Poor Writers on SAT Quantitative Scores 
Good 
Writers 
13 
284.704 
Poor 
Writers 
14 
279.830 
T df 
.423 25 
Std Dev 54.381 59.811 
Probability < .985 (Two-tail) 
Posttest Results 
The sample statistics for the total score on the 
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posttest are presented in Table 16 for the good writers and 
poor writers, respectively. The analysis of covariance for 
the total score using the pretest as the covariate and the 
posttest as the criterion variable yields a p-value less 
than .001 which means that the groups are statistically 
very different. This suggests that the null hypothesis H3a 
should be rejected. The implication, therefore, is that 
either the ability to write mathematics essays or some 
variable correlated with writing abilities appeared to have 
a positive effect on total achievement. 
n 
Max 
Min 
Range 
Mean 
Adjusted 
Variance 
Std Dev 
Std Err 
TABLE 16 
Pretest and Posttest Sample Statistics of 
Total Test Results for 
Good Writers and Poor Writers 
Good Writers Poor Writers 
Pre Post Pre Post 
13 13 14 14 
8 20 4 13 
2 11 0 3 
6 9 4 10 
5.077 16.692 2.357 7. 714 
Mean 14.835 9.439 
4.077 8.897 1. 478 7.912 
2.019 2.983 1. 216 2. 813 
.560 .827 .325 .752 
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Table 17 presents the sample statistics for the skills 
subtest on the posttest for the good writers and poor 
writers, respectively. The analysis of covariance for the 
skills subtest using the skills subtest of the pretest as 
the covariate and the skills subtest of the posttest as the 
criterion variable yields a p-value less than .001 which 
means that the groups are statistically very different. 
This suggests that the null hypothesis H3b should be 
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rejected. That is performing well on the essay assignments 
appeared to have a positive effect on mathematical skills 
attainment. 
n 
Max 
Min 
Range 
Mean 
Adjusted 
Variance 
Std Dev 
Std Err 
TABLE 17 
Pretest and Posttest Sample Statistics of 
Skills Subtest Results for 
Good Writers and Poor Writers 
Good Writers Poor Writers 
Pre Post Pre Post 
13 13 14 14 
7 15 3 10 
1 8 0 3 
6 7 3 7 
3.615 12.692 2. 071 6.643 
Mean 12.005 7.281 
3.590 4.731 1.148 3.478 
1. 895 2.175 1. 072 1. 865 
.525 .603 .286 .498 
In Table 18 the sample statistics for the applications 
subtest on the posttest for the good writers and poor 
writers, respectively, are exhibited. The analysis of 
covariance for the applications subtest using the 
applications subtest of the pretest as the covariate and 
the posttest as the criterion variable yields a p-value 
83 
less than .01 which means that the groups are statistically 
different. This suggests that the null hypothesis H3c 
should be rejected. That is, there was a significant 
difference between the good writers and the poor writers on 
the mean scores of the applications subtest of the 
posttest. Being a good writer of mathematical essays, 
therefore, appeared to have a positive effect on the 
ability to solve application problems. 
n 
Max 
Min 
Range 
Mean 
Adjusted 
Variance 
Std Dev 
Std Err 
TABLE 18 
Pretest and Posttest Sample Statistics of 
Applications Subtest Results for 
Good Writers and Poor Writers 
Good Writers Poor Writers 
Pre Post Pre Post 
13 13 14 14 
3 5 1 3 
1 2 0 0 
2 3 1 3 
1. 462 4.004 .286 1.071 
Mean 3.494 1. 541 
.436 1. 000 .220 1.148 
.660 1. 000 .469 1.072 
.183 .277 .125 .286 
The results of the analysis of covariance for the 
total posttest and each subtest using the pretest as the 
covariate is presented in Table 19. Each of the results 
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reveal statistically significant differences at the p < .05 
level. It is relevant to note, therefore, that either the 
ability to write or some variable highly correlated with 
the writing of mathematical essays made a student a higher 
mathematics achiever than a poor writer in total 
achievement, skills, and applications. 
Total 
Score 
Skills 
Subtest 
Appl. 
Subtest 
TABLE 19 
Analysis of Covariance on 
Posttest Measures with 
Pretest as Covariate for 
Good Writers vs. Poor Writers 
F df 
Ratio Treatment 
29 .75 1 
47.75 1 
13.42 1 
df 
Error 
24 
24 
24 
Retention Test Results 
p less 
than 
.001 
.00 1 
.01 
The presentation of the sample statistics for the 
total score on the retention test for the good writers and 
poor writers, respectively, can be found in Table 20 . The 
ANCOVA for the total score using the posttest as the 
covariate and the retention test as the criterion variable 
yields a p-value of .025 which means that the groups are 
statistically different. In other words, the null 
hypothesis H4a should be rejected. Therefore, the 
implication is that there was a significant difference 
between the good writers and the poor writers on the mean 
scores on the total retention test. That is, the ability 
to write essays in mathematics seemed to have been related 
to the retention of mathematical knowledge. 
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n 
Max 
Min 
Range 
Mean 
Adjusted 
Variance 
Std Dev 
Std Err 
TABLE 20 
Pretest and Posttest Sample Statistics of 
Applications Subtest Results for 
Good Writers and Poor Writers 
Good Writers Poor Writers 
Pre Post Pre Post 
13 13 14 14 
20 19 13 10 
11 11 3 1 
9 8 10 9 
16.692 16.000 7. 714 6. 071 
Mean 12.463 9.356 
8.897 7.000 7.912 8.841 
2.983 2.646 2. 813 2.973 
.827 .734 .752 .795 
The analysis of covariance for the skills subtest 
using the skills subtest of the posttest as the covariate 
and the skills subtest of the retention test as the 
criterion variable yields a p-value of 1 which means that 
the groups are statistically the same. This suggests that 
the null hypothesis H4b cannot be rejected. This result 
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indicates that there was significant difference between the 
good writers and poor writers on the mean scores on the 
skills subtest. That is, performing well on the essay 
assignments appeared to have no effect on mathematical 
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skills attainment. Table 21 presents the sample statistics 
for the skills subtest on the retention test for the good 
writers and poor writers, respectively. 
TABLE 21 
Posttest and Retention Test Sample Statistics of 
Skills Subtest Results for 
Good Writers and Poor Writers 
Good Writers Poor Writers 
Pre Post Pre Post 
n 13 13 14 14 
Max 15 14 10 9 
Min 8 7 3 1 
Range 7 7 7 8 
Mean 12.692 12.077 6.643 5.357 
Ad j usted Mean 10.968 8.244 
Variance 4.731 5.410 3.478 2.530 
Std Dev 2.175 2.326 1. 865 2.530 
Std Err .603 .645 .498 .676 
Table 22 presents the sample statistics for the 
applications subtest on the retention test for the good 
writers and poor writers, respectively. The analysis of 
covariance for the applications subtest using the 
applications subtest of the posttest as the covariate and 
the retention test as the criterion variable yields a p-
value less than .01 which means that the groups are 
statistically different. This suggests that the null 
hypothesis H4c should be rejected. This result indicates 
that there was a significant difference between the good 
writers and the poor writers on the mean scores of the 
applications subtest of the posttest. Therefore, good 
writers of mathematical essays exhibited greater ability 
than poor writers to retain knowledge of application 
problems. 
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TABLE 22 
Posttest and Retention Test Sample Statistics of 
Applications Subtest Results for 
Good Writers and Poor Writers 
Good Writers Poor Writers 
Post Ret Post Ret 
n 13 13 14 14 
Max 5 5 3 3 
Min 2 3 0 0 
Range 3 2 3 3 
Mean 4.000 3.923 1.071 .786 
Adjusted Mean 3.009 1. 635 
Variance 1. 000 .577 1.148 1.104 
Std Dev 1. 000 .577 1.072 1. 051 
Std Err .277 . 211 .286 .281 
The results reveal statistically significant 
differences at the p < .OS level on the total retention 
test and on the applications subtest. These results 
suggest that being a good writer of mathematical essays 
enhances retention of knowledge as compared to the 
retention of poor writers. The summary of the results of 
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the analysis of covariance for the total retention test and 
each subtest using the posttest as the covariate is 
presented in Table 23. A noteworthy observation is that 
the total test of twenty questions showed significant 
differences at the p < .025 level; but the skills subtest, 
which is 75% of the total test, showed no differences at 
all. 
Total 
Score 
Skills 
Subtest 
Appl. 
Subtest 
TABLE 23 
Analysis of Covariance on 
Retention Test Measures with 
Pretest as Covariate for 
Good Writers vs. Poor Writers 
F df 
Ratio Treatment 
5.580 1 
.516 1 
8.427 1 
df 
Error 
24 
24 
24 
Good Writers versus the Control Group 
p less 
than 
.025 
1.000 
.01 
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The mean on the total pretest for the good writers was 
5.1 while the mean for the control group was 4.1 The 
difference in means were not significant at the p < .05 
level indicating that both groups were equivalent at the 
beginning of the treatment period. 
A t-test for SAT combined scores and quantitative 
scores comparing good writers and the control group was 
performed as another method of assessing the initial levels 
of the two groups comparatively. As shown in Table 24 and 
Table 25, a t-test on SAT scores indicates that the groups 
were not different before the research began. These 
resu�ts substantiate the outcomes of the pretest which 
suggested that the groups were equivalent at the beginning 
of the treatment period. This suggests that any 
significant differences in post or retention measures were 
affected by the treatment. 
TABLE 24 
Independent Means t-test for Good Writers vs. 
Control Group on SAT Combined Scores 
Good Control 
Writers Group T df 
n 13 49 
Mean 538.339 549.006 -1.614 60 
Std Dev 77.024 93.902 
Probability = .999 (Two-tail) 
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TABLE 25 
Independent Means t-test for Good Writers vs. 
Control Group on SAT Quantitative Scores 
Good Control 
Writers Group T df 
n 13 49 
Mean 284.704 290.451 -1.023 60 
Std Dev 54.381 59.327 
Probability = .992 (Two-tail) 
Posttest Results 
The results of the total score on the posttest for the 
good writers and the control group are shown in Table 26. 
The ANCOVA for the total score using the pretest as the 
covariate and the posttest as the criterion variable yields 
a p-value less than .01 which means that the groups are 
statistically different which suggests that the null 
hypothesis H5a should be rejected. This indicates that 
there was a significant difference between the good writers 
and the control group on the mean scores on the total 
posttest or, in other words, good writers of mathematics 
essays scored higher on total achievement than those 
students who did not write at all in their mathematics 
class. 
TABLE 26 
Posttest and Retention Test Sample Statistics of 
Total Test Results for 
Good Writers and Control Group 
Good Writers Control 
Pre Post Pre Post 
n 13 13 49 49 
Max 8 20 10 20 
Min 2 11 0 5 
Range 6 9 10 15 
Mean 5.077 16.692 4.143 13.163 
Adjusted Mean 14.835 12.964 
Variance 4.077 8.897 3.750 12.889 
Std Dev 2.019 2.983 1. 936 3.590 
Std Err .560 .827 .277 . 513 
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Table 27 presents the sample statistics for the skills 
subtest on the posttest for the good writers and control 
group, respectively. The analysis of covariance for the 
skills subtest using the skills subtest of the pretest as 
the covariate and the skills subtest of the posttest as the 
criterion variable yields a p-value of .011 which means 
that the groups are statistically different. The null 
hypothesis H5b, therefore, should be rejected. There was a 
significant difference between the good writers and the 
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control group on the mean scores on the skills subtest. 
That is, students who performed well on the essay 
assignments scored higher on mathematical skills attainment 
than students who did not participate in the essay writing 
activities. 
n 
Max 
Min 
Range 
Mean 
TABLE 27 
Pretest and Posttest Sample Statistics of 
Skills Subtest Results for 
Good Writers and Control Group 
Good Writers Control 
Pre Post Pre Post 
13 13 49 49 
7 15 8 15 
1 6 0 5 
6 9 8 10 
3.615 12.692 3.143 10.694 
Adjusted Mean 12.005 10.671 
Variance 3.590 4.731 2.417 6.175 
Std Dev 1. 895 2.175 1. 555 2.485 
Std Err .525 .603 .222 .355 
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The ANCOVA for the applications subtest using the 
applications subtest of the pretest as the covariate and 
the posttest as the criterion variable yields a p-value 
less than .01 which means that the null hypothesis HSc 
should be rejected. This observation indicated that there 
was a significant difference between the good writers and 
the control group on the mean scores of the applications 
subtest of the posttest. The ability to write mathematical 
essays seem to be related to the ability to solve 
application problems. The sample statistics for the 
applications subtest on the posttest for the good writers 
and the control group, respectively, are shown in Table 28. 
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TABLE 28 
Posttest and Retention Test Sample Statistics of 
Applications Subtest Results for 
Good Writers and Control Group 
Good Writers Control 
Pre Post Pre Post 
n 13 13 49 49 
Max 3 5 3 5 
Min 1 2 0 0 
Range 2 3 3 5 
Mean 1. 462 4.000 .878 2. 571 
Adjusted Mean 3.494 2.552 
Variance .436 1. 000 .693 2.042 
Std Dev .660 1. 000 .832 1. 429 
Std Err .183 .277 .119 .204 
The ANCOVA results for the total posttest and each 
subtest using the pretest as the covariate are summarized 
in Table 29. All of the results reveal statistically 
significant differences at the p < .05 level. This 
suggests strongly that good writers scored higher on tests 
of total achievement, skills, and application than the 
subjects in the experiment who did not write essays at all. 
Total 
Score 
Skills 
Subtest 
Appl. 
Subtest 
TABLE 29 
Analysis of Covariance on 
Posttest Measures with 
Pretest as Covariate for 
Good Writers vs. the Control Group 
F df 
Ratio Treatment 
11.82 1 
6.86 1 
8.11 1 
df 
Error 
59 
59 
59 
Retention Test Results 
p less 
than 
.01 
.011 
.01 
Table 30 presents the sample statistics for the total 
score on the retention test for the good writers and the 
control group, respectively. The analysis of covariance 
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for the total score using the posttest as the covariate and 
the retention test as the criterion variable yields a p-
value of .028 which means that the groups are statistically 
different. This suggests that the null hypothesis H6a 
should be rejected. This result indicates that there was a 
significant difference between the good writers and the 
control group on the mean scores on the total retention 
test. This is, good writers scored higher on the total 
test of achievement than those students who did not write 
at all in their mathematics class. 
TABLE 30 
Posttest and Retention Test Sample Statistics of 
Total Test Results for 
Good Writers and Control Group 
Good Writers Control 
Post Ret Post Ret 
n 13 13 49 49 
Max 20 19 20 20 
Min 11 11 5 2 
Range 9 8 15 18 
Mean 16.692 16.000 13.163 11. 367 
Adjusted Mean 12.436 11.251 
Variance 8.897 7.000 12.889 16.112 
Std Dev 2.983 2.646 3.590 4.014 
Std Err .827 .734 . 513 .573 
The ANCOVA for the skills subtest using the skills 
subtest of the posttest as the covariate and the skills 
subtest of the retention test as the criterion variable 
yields a p-value of .042 which means that the null 
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hypothesis H6b should be rejected. There was a significant 
difference between the good writers and the control group 
on the mean scores on the skills subtest. Therefore, the 
ability to perform successfully on essay assignments in 
mathematics appeared to have a positive effect on 
mathematical skills retention. Table 31 presents the 
sample statistics for the skills subtest on the retention 
test for the good writers and the control group, 
respectively. 
TABLE 31 
Posttest and Retention Test Sample statistics of 
Skills Subtest Results for 
Good Writers and Control Group 
Good Writers Control 
Post Ret Post Ret 
n 13 13 49 49 
Max 15 14 15 15 
Min 8 7 5 2 
Range 7 7 10 13 
Mean 12.692 12.077 10.694 9.224 
Adjusted Mean 10.968 9.016 
Variance 4.731 5.410 6.175 8.303 
Std Dev 2.175 2.326 2.485 2.881 
Std Err .603 .645 .355 .412 
The sample statistics for the applications subtest on 
the retention test for the good writers and the control 
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group, respectively, are located in Table 32. The analysis 
of covariance for the applications subtest using the 
applications subtest of the posttest as the covariate and 
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the applications subtest of the retention test as the 
criterion variable yields a p-value of .025 which suggests 
that the null hypothesis H6c should be rejected. In other 
words, there was a significant difference between the good 
writers and the control group on the mean scores of the 
applications subtest of the retention test. Writing essays 
in mathematics successfully seemed to affect the ability to 
retain knowledge used for solving application problems 
greater than for those who did not write essays. 
TABLE 32 
Posttest and Retention Test Sample Statistics of 
Applications Subtest Results for 
Good Writers and Control Group 
Good Writers Control 
Post Ret Post Ret 
n 13 13 49 49 
Max 5 5 5 5 
Min 2 3 0 0 
Range 3 2 5 5 
Mean 4.000 3.923 2. 571 2.143 
Adjusted Mean 3.009 2.212 
Variance 1. 000 .577 2.042 1. 958 
Std Dev 1. 000 .760 1. 429 1. 399 
Std Err .277 .211 .204 .200 
The summary of the p-values for the results of the 
analysis of covariance for the total retention test and 
each subtest using the posttest as the covariate is 
presented in Table 33. 
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Total 
Score 
Skills 
Subtest 
Appl. 
Subtest 
TABLE 33 
Analysis of Covariance on 
Retention Test Measures with 
Posttest as Covariate for the 
Good Writers vs. the Control Group 
F df df 
Ratio Treatment Error 
4.94 1 59 
4.27 1 59 
5.18 1 59 
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p less 
than 
.OS 
.OS 
.OS 
All of the results indicated statistically significant 
differences at the p < .OS level. This means that the good 
writers scored higher than the control group on the 
posttest, retention test, and each subtest. When taken in 
conjunction with the posttest results, these results are 
quite significant. Since the- good writer group was not 
found different than the control group at the outset of the 
study, it can be concluded that the writing activities do 
have a positive effect on those who are proficient at 
writing. This effect is observed for both posttest and 
retention. For all but the skills retention subtest, the 
good writers outperformed the poor writers as well. The 
writing activities in this study seem to have the most 
significant effects on those who are, in fact, able to 
write well. 
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Chapter 5 
Summary, Conclusions, and Recommendations 
Students placed by testing in remedial and basic 
college mathematics classes have continually exhibited 
below-level performance on such standardized examinations 
as the Scholastic Aptitude Test (SAT) and the Graduate 
Record Examination (GRE). To assist such poorly prepared 
students, researchers need to develop different 
instructional models and techniques. One such technique 
was investigated in this study: Students who were 
identified as poor mathematical performers were assigned 
essays to write, describing and explaining procedures they 
followed in solving mathematics problems. 
This experimental study was designed with four major 
purposes: 
1. To determine the effect essay writing has on learning 
mathematics on the whole, 
2. To determine the effect essay writing has on learning 
mathematical procedural skills, 
3. To determine the effect essay writing has on problem­
solving and mathematical applications, and 
4. To determine the effect writing has on the retention of 
new knowledge in mathematics. 
This chapter summarizes the findings of this 
investigation. 
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The independent variable in this study was the 
treatment which was the writing of essays in college 
mathematics. Essay writing included responding to 
questions assigned as homework and addressing mathematical 
situations presented in in-class activities. A total of 
twenty essays was assigned to each student over a four week 
period. 
The dependent variables were overall achievement, 
skills and procedures, problem-solving and mathematical 
applications, and retention in each of these areas. 
The sample consisted of five classes enrolled in Basic 
Mathematics at Virginia State University for the spring 
semester, 1986. The experimental group, the students who 
wrote the assigned essays, consisted of 50 students; the 
control group, students who did not receive the 
experimental treatment, was made up of 49 students. Based 
on the results of a pretest, there were no significant 
differences between groups. Nor was any difference 
observed in a comparison of SAT scores. 
Achievement was measured by a twenty-question, 
multiple-choice test designed by the researcher. Students 
took a different form of the test three times: pretest, 
posttest, and retention test. Mathematical skill ability 
was determined by subscores based on fifteen problems from 
the tests. The remaining five questions made up a subtest 
measuring the ability to solve mathematical application 
106 
problems. The pretest was given two weeks prior to the 
beginning of the treatment, the posttest was given at the 
conclusion of the treatment, and the retention test was 
given to the experimental group two weeks after the 
posttest. The control group studied two additional related 
topics not covered by the experimental group during the 
fourth week of class. Although both groups were given the 
retention test on the same day, the retention test for the 
control group was actually given three weeks following the 
end of instruction of the content area of the test as 
opposed to two weeks for the experimental group. 
All sections of the course used in this study were 
scheduled for Tuesdays and Thursdays and met for one and 
one-half hours each day, for a total of three hours per 
week. The period of treatment was four weeks (eight class 
sessions). The tests were not given during the treatment 
period. Students in the experimental group were assigned 
essay questions to answer as part of their homework for 
each class day during the treatment period. They also were 
assigned in-class writing activities on Thursdays. 
Opportunity was given to read and discuss many of the 
essays in class. There were also group writing activities 
for practice. Students were allowed to revise their in­
class essays after discussions. The essays were graded 
according to their completeness, accuracy, and clarity. 
Based on total scores the experimental group was divided 
into three subgroups: good writers, average writers, and 
poor writers. 
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Analysis of covariance (ANCOVA), with the pretest and 
its subtests as covariates, was used to test the null 
hypotheses that the adjusted means on the posttest and each 
corresponding subtest were equal for the experimental group 
and the control group. Likewise, an ANCOVA was used with 
the posttest and its subtests as covariates to examine the 
parallel null hypotheses for the retention test. The same 
procedures were performed to compare the good writers 
versus the poor writers in the experimental group and the 
good writers in the experimental group with the control 
group. 
The analysis of data indicated the following regarding 
essay writing and achievement: 
1. There was no significant difference between the 
experimental and control groups on the posttest in terms of 
either the total score, the skills subtest, or the 
applications subtest. 
2. Retention of new knowledge was significantly higher for 
the treatment group than the control group in terms of the 
total score and the skills subtest. However, there was no 
significant difference in the applications subtest scores. 
3. Good writers scored significantly higher than poor 
writers on the total posttest and both of its subtests. 
Good writers also scored significantly higher on the 
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retention test total score and on the applications subtest. 
However, in the retention skills subtest there was no 
significant difference. A t-test of pretest total scores 
revealed that the good writers began the treatment period 
significantly higher than the poor writers. A t-test of 
mean SAT scores, however, indicated no significant 
difference between good writers and poor writers before the 
research began. 
4. Good writers scored significantly higher than the 
control group on the total test and on each subtest for 
both post and retention measures. 
Statistical significance was determined at the p < .OS 
level of significance. 
Discussion 
The following theories were posed in the literature 
review: 
1. Selected characteristics of successful learning 
strategies can be compared with selected attributes of 
writing in that both are multi-representational, both 
provide immediate and long-term feedback, both provide 
explicit conceptual connections, and both are active, 
engaged, personal, and self-rhythmed. 
2. Asking students to explain mathematical concepts in 
writing is often preferable to asking them to explain 
orally because all students can participate simultaneously 
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and writing tends to encourage students to be more precise 
than verbal expression. 
3. Students who are required to write in mathematics must 
do considerable thinking and organizing of their thoughts 
before they write, thus crystallizing in their minds the 
concepts studied. 
The related research included the following: 
1. A case study by Newell (1984) that concluded that essay 
writing enhanced learning more than notetaking or short­
answer writing tasks. A future study using retention was 
suggested. 
2. A quasi-experimental study by Weiss and Walters (1980) 
in which one conclusion was that written concepts were 
learned with more clarity than non-written concepts. 
The current study attempted to make some of the 
variables that were used in other research studies more 
defined and specific in the area of mathematics-related 
writing assignments. The current research also included a 
study of retention as suggested by Newell. In general, 
although the results of the current study tend to support 
the theories is King, Johnson, Emig, and other theorists in 
the field, the results are not decisive enough in a 
positive direction to make definitive statements in favor 
of the theories. 
The most positive and relevant result of the entire 
study is the area of retention. The experimental group 
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scored significantly higher on both the total test and the 
skills subtest. Although the results were not 
significantly different on the applications subtest, the 
results were positive. In fact, since retention scores 
were significantly higher for the good writers vs. poor 
writers and for the good writers vs. the control group as 
well as the experimental group vs. the control group; it 
can be concluded that writing essays in mathematics 
increases retention of new knowledge, at least for the 
poorly prepared college student. A major limitation to the 
results of the study regarding retention is that the 
control group covered more mathematical topics than the 
experimental group. It is possible that if the posttest 
for the control group was administered at the conclusion of 
the three weeks in which they covered the material on the 
test and if the retention test was administered two weeks 
hence, the scores on the retention test may have been 
higher. The limitation, therefore, is that the control 
group covered topics beyond those required for the 
experimental group. 
The effects of this limitation are reduced, however, 
because the extra material may actually have provided more 
practice and use of skills and concepts learned earlier in 
the unit. The extra material involved determining and 
graphing inverse functions. These topics involved using 
prior knowledge of functions and relations, linear 
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equations, and graphing straight lines learned during the 
treatment period for the purpose of determining related 
functions and new linear graphs. In other words, the extra 
week that the control group had before their test covering 
material that the experimental group did not have, probably 
enhanced their knowledge and skills, as well as served as a 
review of the test material. Therefore, the time factor 
was not only less of a threat to the study, but the extra 
material probably added to the retention capabilities of 
the control group. Nevertheless, results of the posttest 
and retention test, as well as each of the subsequent 
subtests, must be viewed cautiously because of the 
differences in time of the treatment period between the 
control and experimental groups. 
The results of this study also indicate that writing 
essays in college mathematics does not improve overall 
achievement, nor does it improve skills or applications 
problem-solving ability. There are several possible 
reasons why the research did not detect results in this 
area. One possible reason why there were no positive 
results between the experimental and control groups is the 
length of the test. It may be that twenty multiple-choice 
problems were not enough to sufficiently test the variables 
in question in this research. More specifically, the five 
questions in the applications subtest were probably not 
enough to examine problem-solving ability. If the entire 
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study were devoted only to the applications variable and 
the test reflected this one variable, then more definitive 
results and conclusions may have been drawn. 
Unfortunately, time constraints of the testing periods 
limited the feasibility of such a study. It is important 
to note, however, that the tests used in the study were 
piloted and reasonably high levels of reliability were 
achieved. 
The study does indicate that good writers may benefit 
more from writing, but there is nothing in the study to 
indicate that poor writers or average writers will become 
better writers and, thus, higher mathematics achievers. 
The•good writers outperformed both the control group and 
the poor writers on nearly every measure. Since no 
assessment of writing ability was made at the start of the 
study, it is not clear if the students were good writers to 
start with, or if their writing ability developed as a 
result of the course. That is, perhaps they became good 
writers because of learning mathematics and not the other 
way around. 
Unfortunately, other factors, such as intelligence and 
previous mathematics knowledge, may have had some effect on 
the final results. IQ scores, which may have given insight 
into the intelligence factor, were not available for 
comparison. Therefore, differences between good writers 
and poor writers in the sample due to intelligence could 
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not be examined. However, differences due to aptitude and 
experience could be examined by SAT scores. There is 
nothing in the SAT scores, though, which would suggest any 
disparity between good writers and poor writers. 
Therefore, because the posttest results were significant at 
the p < .001 level, the conclusion that students who are 
good writers of mathematics essays exhibited higher 
achievement than poor writers is a reasonable one. 
Finally, one other factor that may have had a 
significant effect on the results is the teacher variable. 
The study was designed to control for this variable. The 
only way the teacher variable could have been completely 
controlled would have been if one teacher taught all 
sections of the course being used in this study. However, 
if this had been done, then the design would not control 
for possible experimenter bias. As it was done, the 
researcher taught both of the experimental classes and 
experienced, senior faculty members taught the control 
following a detailed syllabus for the treatment period. It 
is reasonable to conclude that the teacher variable was not 
a factor in this study. 
There were several observations made by the researcher 
that were not empirically determined. That is, the 
following comments and opinions should be taken as the view 
or perspective of the researcher: 
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1. There was an affective consideration to the study. The 
students seemed to enjoy the writing activities even though 
they were being graded. This was perhaps due to the fact 
that they were able to express themselves in mathematics in 
a manner in which they had never experienced, making the 
subject matter more realistic to them. Some of the 
students expressed disappointment when the writing 
activities ceased. As a result of the writing activities, 
the interest level of the students appeared higher than in 
previous classes taught by the researcher. 
2. Regardless of any gains that may have been made due to 
the treatment or any other variables, all of the average 
test scores were low. In fact, the experimental group did 
not outperform the control group except on retention. Even 
where there are significant differences, the actual means 
of the experimental and control groups are extremely close 
and very low. Those students determined by the methods 
used in this study to be good writers did have much better 
scores than either the students in the control group or 
those students designated as poor writers. 
3. Creating, explaining, practicing, and grading the essay 
assignments are very time-consuming activities. Even so, 
the treatment is recommended for mathematics teachers 
because of the possible effect on retention and the 
increased interest level of the students. College teachers 
may wish to use the essay approach to learning if the 
courses they teach are flexible in terms of time 
constraints and minimal requirements of completing the 
mathematical topics. 
Conclusions and Implications 
115 
Results of this study would indicate that essay 
writing in college mathematics classes does not improve 
mathematics achievement but may have had a positive effect 
on retention. Essay writing does appear to be a good 
predictor of success within a group when all of the 
students perform writing activities. 
Students identified as good writers, by the methods 
used in this study, show higher achievement than either 
poor writers or students who do not write essays at all. 
This higher achievement is exhibited in skills, application 
problem-solving, and retention. It must be remembered, 
however, that the students identified as good writers were 
not validated as good writers by any parameters outside of 
this study. Therefore, caution must be exhibited in 
interpreting the results. It is possible that students 
write well because they learn more and not, as this 
research seems to suggest, that good writers will be higher 
achievers. 
The results of this research may suggest that 
identifying poor writers and improving their ability to 
write essays on mathematics topics may also improve their 
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mathematical performance and their ability to retain their 
knowledge for future use. 
It is also reasonable to assume that this research is 
generalizable to similar college populations, especially 
mathematics classes with students identified as poor in 
mathematical skills and applications. This is reasonable 
because of the controls to internal and external validity. 
The final implications, therefore, are that; 
1) Essay writing in mathematics may enhance retention and 
2) Writing in mathematics may improve achievement for 
persons identified as good writers. 
Recommendations for Further Research 
Based on the findings of this study, the following 
additional research is recommended: 
1. A similar study in which good writers and poor writers 
are somehow identified prior to the experiment. Then, by 
separating each group into a control and an experimental 
group, a more valid determination can be made on the 
effects of being a good writer as well as the effects of 
the treatment itself. 
2. A similar study assessing the affective characteristics 
of the students receiving the treatment. Most of the 
students in the current study seemed to enjoy the writing 
activities. It is possible that there may be some 
correlation between the affective effects of essay writing 
in college mathematics and achievement and retention. 
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3. A replication of this investigation on a similar or 
different population. One possible population to consider 
would be high school algebra or geometry students. If the 
treatment has a positive effect on high school students, it 
is not unreasonable to suggest that SAT scores 
(quantitative and verbal) or other college placement scores 
could be improved. 
4. Similar studies to verify the results in other fields of 
study. More specifically, in related areas of mathematics, 
such as statistics or engineering, essay writing to improve 
achievement and retention would be particularly important 
since these fields not only require precision in procedures 
and problem-solving, but also the ability to verbally 
express those procedures, solutions, and their 
interpretations. 
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ESSAY WRITING ASSIGNMENTS 
DIRECTIONS: Answer each of the following questions in 
your own word�. The length of your answer should be 
one.or two b71ef paragraphs per question. This 
ass1gnm7nt W1ll be graded on overall clarity in 
7xpress1ng the ideas in your response. Clarity 
1ncludes each of the following criteria: 1) the 
accuracy of your answer, 2) the completeness of your 
�nswer� and 3) the organization in expressing the 
1deas 1n your response. It is expected that each 
essay answer will exhibit proper grammatical 
structure, spelling, and punctuation. 
Essays may be typed or handwritten with no grading 
preference for either. If you do not type, make sure 
your handwriting is legible and clear. From each 
essay assignment you are to answer only one of the 
questions numbered "1" and only one of the questions 
numbered "2". Therefore, you will actually answer 
only two of the four questions in each assignment. 
SUGGESTIONS & EXAMPLES 
In writing your essay response, unless otherwise 
instructed, try to write to yourself. That is, write 
answers in your own words so that you could look at 
the response a month from now and understand what it 
is you were trying to say. In other words, write 
informally and in simple terms. Do not try to imitate 
a testbook or to impress your teacher or fellow 
students. Use complete sentences and correct 
spelling; but remember, expressing the main idea 
clearly is more important than grammatical 
considerations. 
Here is a model for you to follow: 
Sample Question: Describe the procedure involved in solving 
a first-degree equation that has only one unknown, such as 
7y-3(2y-5)=6 (2+3y)-31 or 7x+15=3(3x+5). 
Sample Answer: . . . 
In solving a first-degree equat1on the f1rst step 1s 
to remove grouping symbols such as parentheses. Once 
I have done this, I have to combine like terms on each 
side of the equation. If I see the unknown letter on 
both sides of the equation, use addition or 
subtraction to remove it from one side. Next, add or 
subtract the constant on the side of the.unknow� so as 
to remove it from that side of the equat1on. F1nally, 
I must divide both sides of the equation by the 
coefficient of the unknown. After this step it is 
usually a good practice for me to check my solution. 
(Hint: Work through an example first, then describe the 
steps you followed in the problem you used as your 
example.) 
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The following practice assignments are to be done in 
class. Do not put your name on this assignment. After you 
have finished, pass your essay to the teacher who will 
exhibit randomly selected essays to the class for 
discussion. 
PRACTICE ESSAY ASSIGNMENT 1 
la. Describe the procedure in finding the prime 
factorization of a number. 
lb. Describe the procedure in finding the greatest common 
factor of two numbers using prime factorization. 
2a. Explain why you think factoring out the GCF of a 
polynomial does not change the value of the polynomial. 
2b. Explain in your own words what the "greatest common 
factor" means. 
PRACTICE ESSAY ASSIGNMENT 2 
la. Describe the procedure involved in factoring the 
difference of two squares. 
lb. Describe the answer you get when you factor the 
difference of two squares. 
2a. Explain what is meant by "factoring completely". 
2b. Explain the difference in the terms "squares" and 
"square roots" with regard to factoring the difference of 
two squares. 
GRADING 
POSSIBLE SCORES: 3-2-1-0 
Maximum points per question = 3 
Maximum points per assignment = 6 
SCORING CRITERIA 
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3 - Ideas well organized & expressed, mathematics virtually 
error free and skillful 
2 - Ideas only partially developed, shows competence in 
math topic but made some errors 
1 - Ideas vague & poorly expressed, frequent logic & math 
errors 
0 - Did not answer question or did not turn in assignment 
on time 
PRACTICE ACTIVITY FOR IN-CLASS ESSAY ASSIGNMENTS 
Below is a "negative" model; that is, a poorly done 
essay or an essay that needs to be completed, corrected, or 
clarified. You are to choose two other members of your 
class and form a group which will change the "negative' 
model into a "positive" one. your group will have to 
present the revised essay to the class. 
Question: 
Describe the procedure involved in multiplying a 
binomial by a trinomial 
"Negative" Model: 
Examples of multiplying a binomial by a trinomial 
would be such things as: 
(2x + 3) 3x2 - Sx + 1) or 
(x - y + z) (a + b - c). 
To do the multiplication, the first thing I have to do 
is combine like terms from both polynomial. Then I 
multiply terms with the same variables. When mu�tiplying 
these terms I must multiply the exponents. For �nstance, 
(3x4) (-2x3) = -6x12. Finally, I have to multiply all of 
the coefficients and constants to each other. Once I add the results I have completed the multiplication. 
ESSAY ASSIGNMENT 1 
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la. Describe the procedure in finding the length of a leg 
of a right triangle if the lengths of the other leg and the 
hypotenuse are known. 
lb. Describe the procedure in finding the width of a 
rectangle if the length of the rectangle and the length of 
the diagonal are known. 
2a. Is a triangle with sides of lengths 12, 16, and 20 a 
� 
right triangle? Explain why or why not. 
2b. A radio tower 30 feet tall needs a wire to connect the 
top of the tower to the ground. The distance from the 
bottom of the tower to the place where the wire is to be 
connected to the ground is 40 feet. would a wire 45 feet 
long be long enough to make the connection? Why or why 
not? 
ESSAY ASSIGNMENT 2 
la. Describe the procedure involved in finding the distance 
between two points on the rectangular coordinate system. 
Your description may use either the distance formula or the 
Pythagorean Theorem. 
lb. Describe the procedure of plotting the points (3,5), 
(6,-2), and (-4, 3) on a graph. 
2a. Do the points A(l0,-6), B(-5,3), and C(-15,9) lie in a 
straight line? Explain why or why not. 
2b. Do the points P(3,2), Q(-5,3), and R(-15,9) lie in a 
straight line? Explain why or why not. 
ESSAY ASSIGNMENT 3 
la. Describe in your won words the procedure for graphing 
any equation of the form ax + by = c (for example: 
3x 
+ 8y = 24 or 4x - 6y = 12). You may describe either the 
"intercept method", the "slope-intercept method", or the 
"two point (independent variable) method)". 
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lb. Describe in your �wn words the procedure of graphically 
finding the point of �ntersection of two lines when given 
their equations. 
2a. Explain what is meant by "independent variable". 
2b. Explain what is meant by "dependent variable". 
ESSAY ASSIGNMENT 4 
la. Describe the procedure in finding the slope of a line 
given in general form and tell what the slope describes. 
lb. Describe the procedure for graphing any equation of the 
form 
ax + by = c (such as 3x + 8y = 24 or 5x - 3y = -9) by using 
the "slope-intercept method". 
\, 
2a. Explain why the line 6x + 2y = 12 would meet the line v 
8x - 4y = 32 in one and only one point. 
Zb. Explain why the line 6x - 2y = 12 would meet the line -
x + (l/3)y = -2 in an infinite number of points. 
ESSAY ASSIGNMENT 5 
la. Describe the procedure used in finding the equation of 
a line when given a slope of 2 and a y-intercept of -4. 
lb. Describe a line with a negative slope. 
2a. Why does a horizontal line have a slope of zero? 
2b. Why is the slope of a vertical line undefined? 
ESSAY ASSIGNMENT 6 
la. Describe the procedure used in finding the equation of 
a line when given two points. 
lb. Describe the procedure used in finding the equation of 
a line given the slope and the x-intercept. 
2a. The coordinates of a ship are (30, 75) and the 
coordinates of a foreign military base are (70, 155). 
explain how to find the equation of the line that must be 
programmed for a torpedo to be fired from the ship to the 
base. 
2b. Explain why the following statement is not true; "If 
the slope of a line is positive, the x-intercept cannot be 
the origin." 
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ESSAY ASSIGNMENT 7 
1a. Describe the procedures involved in drawing the graph of the inequality 3x - 2y > 8. � 
lb. Describe the graph of the inequality 3x - 2y > 8. \r 
2a. When Y > mx + b the graph is the half-plane above the 
line Y = mx + b. What is the effect on the graph if the 
slope is negative and the y-intercept is the origin? 
v 
2b. When Y < mx + b the graph is the half-plane below the 
line Y = mx + b. What is the effect on the graph if the 
slope is zero? 
ESSAY ASSIGNMENT 8 
lA. If you rent a 12 ft. U-HAUL truck, the daily rate is 
$36 as well as $0.25 per mile. Determine the functional 
equation that describes a one-day rental. From this 
equation, describe the graph of the function in words. 
lb. If water freezes at 0 degrees Celsius or 32 degrees 
fahrenheit, and water boils at 100 degrees Celsius or 212 
degrees fahrenheit, determine the functional equation that 
shows the linear relationship between celsius and 
fahrenheit. Describe the procedure used to determine this 
relationship. 
2a. If f(x) 
the domain? 
= SQR (9x - 16), what is the smallest number in 
Why is that number the smallest? 
2b. Why are x and y in a function y = f(x) referred to as 
the "independent variable" and "dependent variable", 
respectively? 
Maximum points for 20 essays = 60 
IN-CLASS WRITING ASSIGNMENTS 
In-class writing Assignment �1 
A good and fellow classmate has
.
been ab�ent fro� your 
math class due to illness. Your ass�gnment �s to br�efly 
describe and explain what was covered in class during 
today's class session. Remember, this is for a classmate 
so write in terms that he can understand. You may have to 
read your essay to the class. 
\ 
v 
In-class Writing Assignment #2 
B 1 • II 
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e ow J.s a negative" model; that is, a poorly done essa� ?r an essay that needs to be completed, corrected, or 
cla7J.�J.ed. You are to change the "negative' model into a 
posJ.tJ.ve one. You may have to read your revised essay to 
the class. 
Question: Describe the procedure involved in drawing the 
graph of a line of the form x = a (such as x = 4 or 
X = -2). 
Answer ("Negative" Model): The first step in drawing the 
graph of a line of the form x = a is to determine the 
x-intercept and plot it on the y-axis. Next, I need to 
find the slope. From the point that I have plotted on the 
y-axis. Next, I need to find the slope. From the point 
that I have plotted on the y-axis, I must find a second 
point by substituting a value for y into the slope. Since 
there is no y in the equation x = a, I know the line will 
be parallel to the origin and the point (0, a). Finally, I 
draw a line through the two points I have found (since two 
points determine a line). 
In-class Writing Assignment #3 
Complete each of the following sentences considering 
the current unit on the Pythagorean Theorem and graphing 
straight lines. Discuss each completed sentences briefly. 
You may have to read your responses to the class. 
1. The topic I understand the most is ... 
2. The topic which I am most confused about is ... 
TOPICS: 
Pythagorean theorem 
Finding the distance between two points 
Graphing straight lines 
Finding equations of straight lines 
In-class Writing Assignment #4 
By today you have completed the topic on functions and 
relations. Your final writing assignment is to write a 
letter to one of your parents or guardians showing what you 
have learned about this topic. Describe the topic and give 
a brief discussion. Remember that your parents have not 
taken a math course in many years. Therefore, keep your 
letter simple and clear and as non-technical possible. 
Begin your letter "Dear Dad" or "Dear Morn". 
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,a) 
.. 
.:. ;"he equat:on 
p.�:-�\::� t·J t�� 
d) + 
+ 
o-f the 1 i r:� ' .. vh i ch h.i; 
1.'1e 8::+2:,-o=O is: 
a)y=-2x•6 bJy=- - x -3 c>y=-4x-3 
4 
� ,-, e ...: .-
·:� 
.-, 
y / 
�> + b) ... 
+ 
ii ! / 1 �It' !WJJJ�' I . : 
'/
· -• -•-•- .. -+ -+x -+-+ -.. -+-•-+-+,: 
+ 
+ 
+ 
+ 
� ':tor.� o"" 
�/ 
- + 
+ 
+ 
.;. 
+ 
t��s� 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
'/ 
+ 
+ 
e) �one of these 
'? • T h e :> � <::! o e of t h >? 1 i r. :? c on ta i n i n g t h e p o i n t ·; 0: - 4 , ! ) .;?. n ·::! • 2 , - 3 • 
2 3 ., '"' 
a::. - 3 b)- - 1:) - - a··, - e > '; .. 
3 2 2 
!O.�he width o� a rect&ngle whose di agonal is 25 and whose ��;:-
24 ! ·; 
al49 b)7 cJ12 dl240: eJ625 
1 : . A sh i p start in g at o •J i n t L sa i 1 s 45 m i 1 '? 
:niles due ea:.t� ;.nd then 35 miles due north 
the number •Jf mil!?s ;r, a ·::!irect iine fr•Jm L. 
s 
= 
Cue r1or th � ��er .�::: 
o a ooint = .  Whi� ·; 
0 p? 
1 3 . A r a� ; o � 01.\J.: r 3 0 tee t t a 1 1 n eo� d s .3. :.�,� i i' e t c co i1 � � c � : ;-; � � ,:' :. c:.;.: 
� h � t �JIJJ,;. r· t �: t r, e �; r �  u n d . T h Et ;j i :. �an c e .from t h � b c t t CiTI : f � h � t -: · ... _, e :-· 
to �h� olac; where t�e wire is to b� connected �c �h� ;����: . = -
.f�.:-t. L·;r:.�t i·:. the fs-+ .. ·.:e·;t i1umber· ·�f -f�et ·J-f t.oJire t.-,.:.t �:c·!..!
,:� : . . � · ... :.�·: 
:o maKe tne connection' 
! ..: . T h t? U . S • ,; r m �,. O<� n : a o 1 o t c t ; an d ,,.J i t h t h e f •J t: .:;,:,,r: r: :: c ,:. C• :- :: ' ". ;. � � ·: ; r: � � � n ·:! r t h .: a·;; t ·J •J ad r :.. n t o t a m .:. 0 · ,· 4 o • n i o' ' :; n ·; 0 ' 
-
� ""- .· � .-
?0). !f the coordinates and dist;� � e � a:o��d·t�;-;�n� ���-;;isu:;� :r: m!l�s, ho•JJ many miles of fenc� ar� r.eeced to :ur:-•:·'"nc ':�.� . :. �: ,: · 
al250 b)1800 c)2400 d)!QO e)240 
15. A rectangular room is 8 feet long and has a diagonal iO fe�� 
long. Ho1.� man;t sq•Jare feet of caroet •JJill be needed to co• . .oer ':,� 
entire floor" 
a)6 b)48 :J60 d)80 e)96 
16 0 
the 
:;.) 
c) 
·=) 
The range of 
domain {-4� 
,. , 2� 3. 4} \ .. ' 
{ 0' 1 ' 2 � 3} 
.:' 1 . 2 � 3) 
the f 'J n c t i on 3:< + 6:t= 12 :.� i t h 
-2, 0, 2} is 
b) {-8, - 4, o, 4) 
d) {2, 4, 6} 
!7. For a �oint �x,y; • � -� _ � ·- -· · ,. n •. h o <=-.:. c on � ,  •J .> ·" r � n t , w h : c 1-, •J.; t h e f ·� : 
' .:• .. ·., -. .  -. 
�s true: 
a)x < y b)x = :t c)x > Y 
d)The relationship be t ween A andy cannot be determir:ed by the 
information given. 
:s. The distance from the origin to the point (-4,-3) is 
:?. •,..;hich ,J-f the following i; the gnoh of ., 1 -z·� 
b) + 
+ 
+ 
+ 
-+ 
+ 
+ 
+ 
- + -+-+-+-+-+�{ 
+ 
+ 
+ 
+ 
o-f these e.!none 
20. 
a)31 
F0:-2)= - :�x+ 15' then r..: FO:.x)= -. ' 
b)-1 d)16 e)-31 
.:. 
=cr·m � 
D: r�c t: �Jns: p; �c� th� 1 � t t;:.r corresu�Jnd i no to tht? �:cd""r'��: t :.;-i.::•·J�t· 
the soace provided on the answer sh�et. E;ch problem is �0r�� � 
ooint;. 
! . In the f i g u r e , ABCD is a parallelogram. What are the coord:nitii ct ooint 8? 
:t 
+ 
+ 
+ 
+ 
+ 
+ 8 . 
+ 
+ 
.C-:7,5) 
. A<5, 1) 
+-+-+-+-+-+-+-+-+-•-+-+� 
+ 
+ 
al(2,5) b)0:3,3l c)(7,7) d>< 3 ,6) e)< 3 ,5l 
2. !..Jhich of thi? follOJ.�ing linl?s is parallel to the �in:;- 3:(+'-!y=-3' 
4 3 3 
a. l �··=- X +:? ,., ., :r=- :< + ! .- ) :�-=- ·' - ·  ·- . 
�. .. 4 ·� ... 
3 4 
4 3 
:3. Dr.e leog , -;:  a right triangle is 3 more than ��rH t::r:ei ;;,i :�-.,.-
1 eg. I� the n;�potenuse is 25, he•.� 1 •.Jng are the : �·;� �· 
4. i,.Jha t is tr;e o er ime ter <to the neare·�t ,,�n.�1 e r::.;�::Jer · :� ��.i 
triangle that ha: •1ertices at P< 2,2l, Q•:-3,-:l, :..nc �-:-?,.:?'" 
a)!2 b)l5 c)39 d)20 e)25 
y 
3.' + 
+ 
+ 
+ 
+ -+ +-+-+-+-+-+-•::< 
+ 
+ 
+ 
+ 
+ 
/ 
c) + 
+ 
�.'·ncn<? of these 
b) 
d) 
/ 
+ 
+ 
y 
+ 
6. The eQuation o� the 1 ine which has the x-intercect c� - 1�C 
oan.l:el to th<? line 12x+3y-9=0 is: 
a:'�=-2::+6 b>r-- - A -3 c)y=-4lo:-3 
4 
2 
+ 
+ 
+-+-+-+-+-+-+-;,� 
y 
c> + 
+ 
+ 
+ 
+ 
-
+-+-•-+-
�
 �I I I I I 
j II \ \ \ : i !. ' I I j 
�)r.cn� ot th�seo 
;t 
.,j,) + 
+ 
+ 
+ 
A7' + 
+ 
+ 
+ 
+ 
+ 
y 
b) + 
+ 
+ 
3 
;t 
t d) t 
t 
+ 
• • +, , , 
+ • .. 
+-+-+x +-+-+-+-+-+-+-+-+x 
+ 
+ 
+ 
+ 
+ + 
e ·�one of the s e  
?.The slop� o f  the 1 ine containing the points <6,3.• ;;.n.::: .-.2,-3' , � 
2 3 3 
·i) -3 b)- - c)- - d) - e ) 2 
3 2 2 
!O.The width of a r ectangle whose diagonal is 41 and wn�sa ier;�� , ! 
40 is 
aj9 b)Sl c)12 d)l681 ell 
11. A ship starting at point L sails 35 miles due nor·th, then :20 
miles due east, and then 55 miles due north to a point P. i,.Jha� �·� 
the number of miles in a d i r ec t 1 ine from L toP' 
a.l120 bl80 c.l210 dll50 ellOO 
12. l.f a square ha·s a side of ll?ngth s and a diagor:a: ,:.f !H'9'� ·:, 
t h en 
d 
= 
2 
a)l/4 b) 0.3535 c)l/2 d)0.7071 el2 
13. A radio tower 60 feet tal 1 needs a wire to con�e(t tn� :oc �� 
tne tower to the ground. The distance from the b ot t om cf th :�we� 
to the place wh ere the wire is to be connect�d to th� grow� ' =  2� 
feet. �hat is th e  fewest numbe r  of feet of wire tha t �ouid e usac 
�c make the connection? 
.;;.)45 b.l!O ci50 d.liOO el-50 
4 
1 4 . T i: e- lJ . S . Arm>' QIAI n s a. p 1 at a f 1 a r: o t,.J i t �� t � f ·� ; i c•=:..l : ;"", ; .: ·:·or- : · �: =. : 2 :: 
i n t h � n or t h e ·� s t q u ad r .an t o-f a map : (. 1 0 0 • 50 � < 2 0 � 5 :} ·. , .:._ :'\ ·j ,· :. ·>:1 • 
llC). If the coordinates an� distances ar o u n �he 1an� are �e�����s 
; n rn i 1 e-:., hC:t.\J man:; miles o..f fenc� .:,.re r.ee�j�d �:· :1jr:--:�und :�;.; ; :..;;·:·�· 
il250 b)l800 c)2400 d)lQO eJ240 
�5. A :-ectang•.J13.:- i'OOr.l is 6 feet lo:;ng an•j :,a: a diag.:;n:.� ;::• ���c 
long. Ho•.� man;: so•.Jare feet of carcet • .. oi 11 be needed t::: cover· �:-:e 
en t i r e f 1 O•::lr., 
a)6 bJ48 c)60 d)80 e)96 
16. ihe domain o� the t•.Jnction 3;<+6:,=1 2 •.�i th 
the range {-4, -2, 0, 2) is 
.a) { 1 ' 2� 3' 4) b) {-8, -4, 0' 4} 
cJ {0 1 2� 3) d) '? 4' '' ' ' \.-� o, 
�. I {1 ·") . ., ' ' - � -.JJ 
17. F•Jr :. �oint O:x,J') in the fourth quadr3.nt, ,,Jhi-:h of the f,�;:.:.v.:';·.; 
i·s �rue: 
i)x < v b)x = y cJx > y 
d)7he relationship between x andy -:annot be determined �Y the 
information given. 
18. The distance from the origin to the point 0:4,-3) is 
all j)7 c''., d ) 25 el5 
of the follo•.�ing is the gr ap h of x < 3" -
5 
',' 
/ 
:  :·, + d) + 
h'. + t + t 
�· 
... 
+ 
+ 
� 
-+-+-+-+-+-+-+:< +-+-+-+-+ -+-+-
� 
+ + 
+ + 
�· 
... + 
+ + 
/ + + 
e>r.one of these 
20. IfF<:<)= -8:<+15, then F0:2)= 
a)31 b)-1 c) 1 d) 16 e) -31 
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RETENT; :JN TEST - OVTuA,-:Q""<; ' · o 
· 
· 
r.· \.J r-:-Hr-. THE�REr-.. �, F��NCTI Gi··.JE 
� 
��L..ATI SN::, .� GRAPHS OF LlNE..;R EIJUAT l ONS 
D1ro:•:tions: Place t:,., 
the soace orovided on 
:JOInt':-, 
1�tter corresocndi�g tc t�e corr�c� ���wer 
the answ,;>r sheet. Each orobl�m 's we��� 5 
y 
+ 
+ 
+ 
+ 8 . 
.C(6,8> 
+ 
+ 
+ 
. 0<5,4) 
+ A<l,l) 
+-+-+-+-+-+-+-+-+-+-+-+x 
+ 
+ 
2. I,.Jhich of the following lines is parallel to th<' line 4::-3/=-c' 
4 .-, 3 ..J 
a) ��=- ._, +2 b) v=- ,, + 1 c) y:- " 
3 4 4 
3 4 
d�y=- - x-2 e)y=- - x 
4 3 
3. One !eg of a right trian·�le is 4 more thar. fo•Jr ti11�: :r:e �·�:�: 
leg. If the h:toott>nus<' is 41, how long are- th� l<?cs" 
a)8&6 bl��12 c)9&16 d)9&40 e)7&24 
4. What is the o,;>rimet,;>r <to t�e no:arest whc1� numberJ o' :�e 
triangle th.:.t has '·'"'rtices at P<2,2), Q0:3,-3l, :;.nd R•:-J,-3)? 
al12 bl!5 cl39 dJ20 e)25 
5. The graoh of 2:c-3t=-3 would 1oak like which of the fo11o� in;: 
a) 
c) 
y 
+ 
+ 
+ 
+ 
;t 
+ 
+ 
+ 
+ 
+ 
�•none o-f these 
:'Y' 
b) + 
+ 
+ 
+ 
+ 
.. 
y 
d) + 
+ 
+ 
+ 
+-+-+-+-+-+-+-+-+x 
+ 
+ 
+ 
+ 
+ 
6. The equation o-f the 1 ine which has the x-interceot of -3 an� : s 
�a•,;,.11e1 to the line 6x+3y-9=0 is: 
a:,:,=-2::+6 b);t=- - x -3 c)y=-4x-3 
4 
7.Which of �he �ol�cwing would be th� graoh of 4x-3y;-2: 
c) 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
d)� 
I
' IV lj/1 !,/ j i �/"' 
•I y 
+ :;*�-+-+-+-+-+x 
/ + 
�\ (/[)11! 
+ 
+ 
+ 
+ 
e.Jnone of these 
8.i.�hich of th<> f·�11<:Jt,ving is NCT the graoh of a f•Jnct!on: 
'I 
.:,. ) + 
+ 
+ 
#. 
+ , 
+ 
, 
+-�-+-+-+-+�+-�-+x 
, +-
+ 
+ 
+ 
+ 
y 
b) + 
+ 
3 
',' 
c) + 
... 
+ 
+ 
+ 
+-+-+-+-+-+-+-+-+x 
+ 
� 
+ 
d) + 
+ + 
e)none of these 
?.The slope of the 1 ine containing the points <6,3) ar.d <4,9> i: 
2 3 3 
a)-3 b)- - cJ- - d) - eJ2 
3 2 2 
!O.The width of a rectangle whose diagonal is 25 an•j L·Jho;e !eng:�, ·= 
24 is 
a)49 bl625 c)7 dl576 e)! 
II. A ;hio starting at ;:loint L sa i ls 15 miles due north, th<-n :?!) 
mii es due east� and then 25 m i l es du� north to a point?. i.:�h.i� !:. 
the number of m: 1 "s in .� d i re•:t 1: ne from L to P" 
a)l20 b)50 cJ70 d)150 ellOO 
12. If a souar e has a side of length s a.n•j a ·=i�g·:·r::.; : .,:  '"':·:;:� - ·  
th�r: 
2 
d 
= 
2 
s 
a)l/4 b) 0.3535 c)l/2 dl0.7071 eJ2 
13. A rad;o to•.�er 90 feet tall needs a ,..,ire to cor:ne:� ':t":e ':oo :,f 
the tower to the ground. The distance frcm the bottom cf ':�e t:we 
to the olace where the wire is to be cor:nected to the g�Ju�� • : - � 
.f "' e t . !,J h .:. t i s t h e f e ''J e s t n IJ m be r of f e e t of '"" i :- e t h a t : � '" 1 ,j ::;. � '.l : .e 
�o maKe the connection" 
4 
aJ210 bJ150 cJ50 dl!OO el60 
1 4 • T h e U • S • ;:; r m :,. Ot,oJn ·;; a o 1 •J t of 1 an d '·" i t h t h I? t o 1 1 cv� : � 9 : .: ·:: � •: : : ;. � � : 
in the northeast quadrant of a map: <80, 30), <O, 3 0 • ,  c.rr·C •. 8 ::: . ·:•:­
If the coordinates and distances ar ou n d the land ar�? measu�i� : �  
mi !es, how many miles of fence are needed to surround the 1a�c� 
a)250 bl1800 cl240 d)lQO e>180 
15. A rectangular room is 9 feet long and has a diagonal :s fee� 
long. Ho�v many square feet of carpet ,,vi 11 be ne::ded to c�·'e" �"te 
entire floor? 
al12 bJ48 cJ60 dllSO el108 
16. The range of the function 6:<-3:r=O •.-�ith 
the domain {-4, -2, 0, 2) is 
a) U, 2, 3, 4) 
C) {0, 1, 2, 3) 
el {1, 2, 3} 
b) {-8, -4, 0, 4} 
d) {2, 4, 6) 
17. For a point <:<,Y) in the first qtJadrant, r,o�hich of the foll·:Jvlil'lg 
is true: 
alx < y bJx = y c)x > Y 
d>The relationship between x andy cannot be determined bY t�e 
information given. 
18. The distance from the origin to the �oint <-4,3) i;; 
all bl5 cJ12 dl25 el7 
19. i..Jhich of the follor.-�ing is the graPh of " <  -1? 
y 
a) + 
+ 
+ 
+ 
+ 
+-+-+-+-+-+-+-+-+x 
!l/!/!11/11/J 
5 
/ 
_, 
: . 
d
� 
: 
: 
�
: 
+ 
� 
+ + 
:/ 
of these e:>none 
F'-�)= then ', '"' ' )- -8:<+15, '0. If F•, X -
-39 
-
d)9 e) .,39 b)-9 C)l a  
LESSON PLAl'·IS - E:<PERit1ENTAL GROUP 
T�:< tbooK: INTER�1ED!ATE ALGEBRA, .Johnston, I..J i 11 is, .'!t Hughes .: 3rd 
Ed i t i on) 
Date: Thu. Jan. 30 
Act1uity: Pretest 
Date: Tue. Feb. 4 
Activity: Introduction to writing activities .� practice session .� 
The Pythagorean Theorem 
Home,,�,�ork: p.274 1*1-12, Essay 1*1 
Date: Thu. Feb. 6 
Activity: The Cartesian Plane, plotting points, & finding the 
distance between two points & in-class writing assignment �1 
Homework: pp.298-299 #1-10, Essay #2 
Date: Tue. Feb. 11 
Activity: Graphing 1 inear equations by the intercept method and th� 
two-point independent variable method 
Homework: p.304 #1-23<odd) by intercept method or two-point 
independent variable method, Essay #3 
Date: Thu. Feb. 13 
Activity: Graphing 1 inear equations by the slope-intercept method .� 
in-class writing assignment #2 
Homework: p.304 #2-24(even) by slope-intercept method, Essay �4 
Date: Tue. Feb. 18 
�ctivit:t: Finding equations of straight lines in slope-intercept 
•arm .'!t vertical or horizontal 1 ines 
Homework: pp.311-312 #9-26, Essay #5 
Date: Thu. Feb. 20 
Acti•.Jity: Finding eq,Htions of straight lines by th£- point-slop� 
form or the two-point form & in-class writing assignment �3 
HomeworK: pp.311-312 �1-7Codd), 27-30, 35-45Codd), Essay �6 
Date: Tue. Feb. 25 
Actitlity: Graphing iinear inequalities 
Homework: p.319 �1-14, Essay #7 
Date: Thu. Feb. 27 
Actiui ty: Functions & relations & in-class writing assignment 4 
HomeworK: pp.325-326 �1-20, Essay �8 
Date: Tue. Mar. 4 
Actit1it:1: Posttest 
Date: Tue. r1ar. 18 
Activity: Retention Test 
LESSON PLANS - CONTROL GROUP 
Tex tbool<: INTERMEDIATE ALGEBRA, Johnston, I,.J i 11 is, .� Hughes < 3rd 
Edition) 
Date: Thu. Jan. 30 
Actillity: Pretest 
Date: Tue. Feb. 4 
Activity: The Pythagorean Theorem 
Home•,.,orK: p.274 1*1-12 
Date: Thu. Feb. 6 
Actillity: The Cartesian Plane, plotting points, & finding th� 
distance between two points 
HomeworK: pp.298-299 ij1-10 
Date: Tue. Feb. 11 
Activit:': Graphing linear equations 
HomeworK: p.304 #1-23(odd) 
Date: Thu. Feb. 13 
Activity: Finding equations of straight lines 
HomeworK: pp.311-312 ij1-45Codd) 
Date: Tue. Feb. 18 
Acti•,it:': Graphing linear inequalitii!S 
Homework: p.319 #1-14 
Dati!: Thu. Feb. 20 
Activit:': Functions .!,c relations 
HomeworK: pp.325-326 #1-20 
Date: Tue. Feb. 25 
Acti•1it;.·: Inverse functions 
HomeworK: p.330 #1-6 
Date: Thu. F!!b. 27 
Acti•1it:': Graphing polynomial functions 
HomeworK: pp.334-335 ij1-8 
Date: Tul!. Mar. 4 
Activity: Posttest 
Date: Tue. Mar. 18 
Acti•1it:-: Rl!tention Test 
C.!. 112 Sasi.: l!aclamaci.:s 
SylLab11s 
C.I. 112, 3asi.: l!acheaaci.:s is a .:o11rsa �asi;ua� !or sca�encs ��a 
plan co. p11rsua .:ol1•s• aajors La fial�s ocher chan cba nacural s.:ien.:es 
an� aacbamaci.:s. the O:Oilrs• coaceac bas beaa .:arefu1ly sala.:cad co 
in.:11l4e basi.: aachemaci.:al .:oa.:apcs, ideas and pro.:ad11ras wbi.:b .:bara.:­
ceriae ao4era alamencar� aacbaaaci.:s. So•• aaaeral azpe.:cacioas of 
sclldencs are as follows: 
(a) Damonscraca fa.:ilicy wich basi.: aric�aci.: aad al&abrai.: 
o-paracioas. 
(b) Damoascrace abilicy co reason de41lcci•ely. 
(.:) Sbow aa llnderscan4i as �f basic pro-parcias of aachaaaci.:s 
syscaas. 
(d) Apply pr••iously acqnirad aachaaacical �aowle4s• co aaw 
problaa sicuacioas. 
tazc: Johnson, C.�. &n4 �Lllis, A. t. Ince�adiaca Alsebra, 3r� edL:Lon. 
(�adsvorch PublisbiDI Coc-paay, 1982). 
•p,�ozi�ace Qumb•� o! 
�la•s �ours �Gr ee•e�i 
asci tescins· 
----
?..-eraqllisice Coacapcs tasc---------------­
Assassaenc of scll4ancs abilicias in alaaanca� 
aL1abra and aric�ecLc. Sc11deacs scoria& lass 
chaa �0� oa cbis case are co ba 4iverca4 co 
�ach OOJ or l!ach 073 iaaa4iacaly. 
!lemenca� Algebra laviav: Sa.:cions 201, 1.03, aa4 '"0"'a----­
Sol•tns Lsc �•sr•• aquacioas, aulciplicacioa of 
polyaoaials &ad di•tsioa of a polyaoaiaL by a 
aoa.o•i£1. 
Clapcar 5: Sa.:cLocu 1, 2, 4, L 10, and Ll 
raccorins cacbniquas: CC7, Diffaraaca of two Squares, 
�uadracic trLaoaials, Sol•Lac !qll&cioas and �or4 
P ... oblams (Coes aoc Laclllde proporcLoa probleas). 
Chapcar 7: SaccLoa 7 
the Pychasorean theorem an4 �or4 Problema Lavolvtas cha 
tluor••· 
� 
!i:sc 
.... 1< 
of 
2 
) 
Ct.<�.s5 
l'ase 2 
G.!. 112 !asi� �a�hema�i�s 
Syllabus 
Chapter 8: Seccions 1, 2 3 4 d 5 the lectaa ular c ' ' ' 
an 
-
-
--
- -
--
-
--
--
--
--
-
--
-
--
--
6 
(!y iota��
: cs 
oo�diaaca Sys�em, Grapbiog Scraighc �ioes 
t!X�] ! 
P aod by slope-iocer�epc �•:hod (�OT !� r�E 
• �uatioos of Straighc �i G b. Ioa�ualicies J!'lmc:iona 
aes • rap �og 1sc Degree 
• aud lalatious. 
�i4ters !�am leviev (OP�10MA�l ----------------- ----- - --­
type of review 4eteraioed by che ioscruccor 
�10�!� !��1N4!10M --- ----
!his exam is giveo 4��iog �he advisory examioacioo 
period aod is �uaulacive. 
Q.apce� 9: Sec::i01lS l,l (Also """-- sec::!.ou 50�), 4, met 1 
Quad�acics, Solvias Quadracic !�ua:ions by !ac:oriog 
aod by che Quadra:ic !orsula ·(�o co18ple:ios :he 
s�uare), Graphiac Quadratic !uuccioos 
Chapter 3: Sec:ioos 1,2,3,4, aud 5a, .b. c, 4, 12 
Sol•ias 4if1ereuc types of wor4 p�obless: General 
p�obless, la:io probless, l'�opor�iou probless, 
l'erceot probleas, 7ariacioo p�oblesa, �ever probless, 
4is:aoce probless, �i�:ure aud Solution p robless. 
!iaal !�am leview (l!QUia!O) 2 
lfO!!: 
The !ioal examioatioo �US! be giveo ac�or4ios co the 
Oniversicy e�a• scladul�tlu exam is cumula:ive of 
:he eu:ire course. 
I: is SUGG!S!!O :hac each s:uden: purchase a cal�ula:or 
bavias as a 18ioimus t�olloviog fuuc:ions: •, -. �. 
�. ,.�, a!, i• aad �. (this calculator also seecs che 
s1ui18um reouiremeocs fo1:' G.Z. 11.3.) Ca.lcul.acors -y be <Ued 
ill �l.us mci ou cases � -Y !IO't be sh.azad a: my ::.me. 
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TOTAL POINTS ON ESSAY ASSIGNMENTS 
Good Average Poor 
Writers Writers Writers 
54 35 24 
54 35 24 
52 35 22 
50 35 20 
50 35 20 
50 35 18 
50 34 17 
48 34 16 
47 34 15 
45 34 15 
45 33 13 
43 33 12 
40 32 10 
32 9 
32 
31 
-
-
48.308 31 X = 16.796 X = 
31 
s = 4.027 30 s = 4.663 
30 
30 
30 
30 
-
Total (n = 50): X = 32.28 
s = 12.086 
Graded Samples of Student Essays with Comments 
Sample 1: Good Writer, Explanatory Homework Essay 
Sample 2: Poor Writer, Explanatory Homework Essay 
Sample 3: Average Writer, Descriptive Homework Essay 
Sample 4: Good Writer, In-class Essay 
Sample 5: Good Writer, Descriptive Homework Essay 
Sample 6: Good Writer, Descriptive Homework Essay 
Sample 7: Average Writer, In-class Essay 
Sample 8: Poor Writer, Descriptive Homework Essay 
Sample 9: Good Writer, Descriptive Homework Essay 
Sample 10: Average Writer, Descriptive Homework Essay 
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